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SOME OPINIONS OF THE PRESS.
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“The best idea which can he given of the scope and value of this
work is obtained when we compare it with Frank Balfour’s treatise on
Comparative Embryology. It is not too much to say that it is the most
valuable text-book for the zoological student which has appeared since
Balfour’s book, and is a worthy successor to it. The mass of literature,
vast as it was ten years ago, has increased enormously in the interval.
Drs. Korschelt and Heider have carefully gone over it all; and not
only that, but they accurately and clearly give each author's contribution
to the subject in hand, citing authority for every statement made, so
that the student can go to original treatises for fuller detail. I do not
know of any scientific treatise which shows so clearly the author’s desire
to do justice to every fellow-worker, of whatever nationality, and to
produce a work which shall be a complete and trustworthy guide to
the recent literature of a prodigiously prolific =ubject. There can he
no doubt that we have in this new treatise on Comparative Embryology
one of those invaluable, indispensable works for the production of which
authors receive the gratitude and esteem of their fellow-workers in all
lands. It is a truly first-rate book.”

Professor E. Ray LANKESTER in Nature.

“The translators have performed their task with skill. The German
idiom is quite got rid of, and the hook in its English form is eminently
lucid and readable. The translators are to be congratulated on their
work, and have earned the gratitude of all English zoologists. It only
remains to say that the book is well got up; the printing is good, the
illustrations are excellent, and the size is convenient.”—Natwre.

*“The translation of this important work into English will be welcomed
by all students of animal morphology, for since the appearance of
Balfour’s classical treatise on this subject, there has been no one work
of importance comprehensively dealing with a vast array of facts, many
of which, unfortunately, are still isolated and wnconnected. We con-’
gratulate the authors on the successful accomplishment of their task
and on their successful translation of many phrases of great idiomatie
difficulty.”—DBritish Medical Jowrnnl.
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“The science of animal embryology advances so rapidly that English
students have anxiously waited this long-promised translation of the
leading German manual. Delay hasx not, however, had the result of
rendering the book out of date. On the contrary, it is a considerable
improvement on the German edition, owing to the insertion of numerous
notes by the original authors as well as by the two competent translators.”

Natural Seienee,

“Drs. Korschelt and Heider are both well-known authorities, and their
volume shows a wide knowledge and considerable care in the selection
and criticism of a wide literature. Nince Balfour wrote his classical
treatise an enormonx quantity of additional information has been gained,
and the best of this is incorporated in the present volume.”

The Hospitul.

*“Thiz admirable translation into English of Dre. Korschelt and
Heider's text-book ~upplies what in England has been a long-felt want,
The translators, morcover, have had the valuable assistance of the authors
in supplying mumerons additions to the original text, in the form of
brief notices of results that have been published sinee the original first
appeared, and the work will e received with gratitude by all zoologists,
whether lecturers or =tudent<" - Guapdinn,

*The publication of thi- work by the Professors of Zoology in the
Universities of Marburg and Berlin will be hailed with satisfaction in
the English-speaking scientitic world, who have not sufficient facility in
the German tongue to refer to the original, and by those whose time is
too limited to enable them to Keep hefore them the rapidly accumulating
papers and monographs upon embryological subjects,”

Edueativnal Bevie .

*This admirable zwlogical text-bwok,  The ook is a standard German
text-hook of it~ subject, not only thoronghly equipped within its own
compass, but also provided with a comprehensive hibliography of the
further literature of the subject.  No pains have been spared over the
Euglish rendering. It deserves a hearty weleome from English student-

of 2w W |’.'_\',"—.\'rufxuulu_

* 1t is a prominent feature of the work before us that its teaching-
tend profoundly to =liow how deep is the hold which evolution, a~ an
explanation of the problems of development, has attained on the mind-
of Viologist~, It has proved it=elf to be a veritable beacon-light, guiding
to a knowledge of hitherto dark places in the domain of life.”

Glaggor Heradd.
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PREFACE.

—_——

THE present and third instalment of the translation of the
Lehrbuch der vergleichenden Entw:icklungsgeschichte der wirbel-
losen Thiere contains the Arachnida and appended groups, the
Onychophora, the Myriopoda, and the Insecta, thus completing
the Arthropodan portion of this work. The remaining volume,
which contains the Mollusca, Ascidia, and Cephalochorda, will,
I hope, be published at the end of the year. -

In connection with the present volume, I have to thank
Mr. R. L. Pocock for his valuable assistance in the Arachnidan
part, and also I have to thank Mr. A. D. Michael, who kindly
read through the chapter on the Acarini and corrected many
errors in the same. Most of the suggestions made by these
geutlemen have been added as editorial footnotes, but some
matter, when the original was obviously at fault, has been
placed in the text.

The very important work by Brauer on the Ontogeny of
the Scorpion renders some of the text relating to this genus
out of date, and this work should certainly be consulted by
those studying the Arachnida. His discovery of an additional
segment between the thorax and abdomen is of especial
importance in the interpretation of the Arachnidan body.
In this connection it is interesting to note that this segment
was correctly figured, though misinterpreted, by Metschnikoff
in 1871, as a careful comparison of the figures of these two
authors will show.



viii PREFACE.

In the Onychophora, Willey’s paper on Peripatus norue-
britanniee is of great importance, especially in connection
with the invagination germ-band in the Insecta and the
interpretation of the embryonic membranes.

Among the numerous additions to the literature on the In-
secta, Heymon’s works, especially that on Lepisma, are worthy
of careful study. Unfortunately, the interpretation of the
ontogenetic processes in the Insecta is very difficult, and
in consequence we still find a terrible confusion enshrouding
the origin of some organs, especially that of the alimentary
canal, which a number of recent authors maintain to be
entirely ectodermal, a condition which, judging from what
occurs in other Arthropods, seems extremely improbable.

The germ-cells, as in the two previous volumes, are still
treated of as mesodermal, whereas, as has been pointed out
in the editorial notes to Vols. i. and ii., these cells are probably
handed down from parent to offspring as distinet and con-
tinuous structures, their identity being temporarily merged
in the egy.

In the present volume I have added more notes and
literature and made more alterations in the text than in
Vol. ii., and I hope that such alterations will tend to bring
this volume more up to date.

MARTIN F. WOODWARD.

Roval CoLLEGE OF SCIENCE, LoNDON,
July, 1899,
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CHAPTER XXI.

ARACHNIDA.

Systematic :— I. ScorpiONEs.
II. Pepiparel.
III. Pareigrapi (Koenenia).
IV. PsrEUDOSCORPIONES.
V. OprILIONES.
VI. SOLIFUGAE.
VII. ARANEAE.
VIII. AcaARiNa.

I. Scorpiones.

THE Scorpiones are viviparous. The oval or spherical eggs, which
are rich in yolk and are each surrounded by a thin membrane, lie in
follicles that arise as outgrowths of the walls of the ovarian tubes.
‘ertilisation takes place either in the ovarian follicles (Euscorpius and
Scorpio, METSCHNIROFF, LAURIE), or when the egg has left the follicle
and passed into the ovarian tube (Androctonus, KowaLEvsky and
ScaureIN). In the former case the embryo remains in the follicle
during the greater part of its development (Scorpfo, Jon. MULLER),
or leaves it when the formation of “the germ-band commences
(Euscorpius italicus). Further development then takes place in the
ovarian tubes or oviducts, which thus function as uteri. At birth
the young resemble the adult in their general organisation.

1. Cleavage and Formation of the Germ-layer.

The cleavage of the egg in Scorpions is discoidal. At the pole of
the egg, which is directed from the follicle towards the ovarian tube,
in the youngest stage as yet observed, there were found a number of
cells which formed a small unilaminar cap on the yolk; this is the
germ-disc (Fig. 1). The blastoderm spreads gradually from this
point, advancing very slowly over the yolk (Fig. 2 A and B). Long

B









4 ARACHNIDA.

(Fig. 3, A and B). At first this is an irregular mass, extending over
the whole region of the germ-disc, but at a later stage it takes the
form of two symmetrically arranged bands situated near the middle
line. These two bands, which fuse with one another posteriorly,
become divided up later into the primitive mesodermal segments,
cach of which contains a cavity (Fig. 3, B, mes).

The increase in amount of the mesoderm is due to a multiplication
of the cells of the primitive entoderm from which, in places, it is not
yet differentiated (Lacvrig). If it were the case that the principal
increase of the cells proceeded from a point at the posterior end of
the germ-lise, a growth of the mesoderm-bands from behind forward
would result, such as is found in many other segmented animals.
The differentiation of the mesoderm-bands would then proceed here,
ax in those forms, from before backward.

2. The Origin of the Embryonic Membranes and the Development
of the External Form of the Body.

During the processes just described, the germ-disc has extended
but little over the yolk, and still appears as a rounded, or somewhat
oval, dise. Even at this early stage the formation of embryonic
membranes begins. A groove appears near the periphery of the
germ-dise, running right round it and marking off the central
portion of the disc in the form of a slight prominence rising from
the narrow peripheral area. At the edge of the groove a fold of the
ectoderm rises, and this now grows from the periphery over the germ-
dise, finally fusing at its centre.  The two lamellae of the embryonic
envelope are thus formed. The outer membrane, which lies imme-
diately below the cgg-integument, is the seross, and the inner, the
amnion.  During the formation of this ectodermal fold a few meso-
derm cells are said to pass in between its two lamellae (KowALEVSEY
and ScHULGIN).

According to KowALEVSKY and ScHULGIN, the formation of the embryonic
envelopes in the Scorpiones (at least in A ndroctonus) takes place in the same way
as in the Insecta and Vertebrata,  Lavrie, who investigated Euscorpius italicus,
eamie to a different conelusion regarding the origin of these membranes, he thought
that the two cell-layers which form the serosa and the amuion grow indepen-
dently over the germe-dise from its periphery. The serosa appears first as a
layer of cells which rises all round the edge of the germ-dise, and grows towards
the centre, where it fuses.  Oumly after this fusion does a secoud layer, the
amuion, appear, and pass through the same process (Fig. 3, 4 aud B). Such
an ourowth of a single layer of cells is diflicult to understand, and must
no doubt have originated as a fold of ectoderm consisting of two layers of cells.
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envelopes. LAURIE discovered no mesoderm-cells between the embryonic integu-

ments. It will only Le possible to form a reliable opinion on this subject after

the appearance of KowALEVskY and SCHULGIN's complete work ; as yet we
have only a preliminary sketch unaccompanied by figures (No. 19).*

During the formation of the germ-layers and the development of

the embryonic envelopes the germ-disc changes its shape, becoming

broader at its anterior end

¢ (Fig. 4 A). The narrow

e posterior part becomes

! greatly thickened through

active  proliferation of

cells. In the middle

‘ line there appears on the

‘ surface of the disc the

groove - like  depression

already mentioned, which

soon disappears again (Fig.

4 A, after METSCHNIKOFF).

The cephalic region be-

comes marked off from

the primary trunk-region

F16. 4. —Euscorpius italicus,  A-C, germ-discs with the by a transver.se furrow

median longitudinal farrow (.4) and germ-bauds (83 near the anterior end of

and () (after MET™SCHNIKOFE, from BaLroUr's Text- 3
hook). In I} and (' the neural groove can be seen, and the germ-dlsc, and about

in € the crescrnt-sbaped cephalic pits, and behind  the same time, or very

:hh;::"it::] ]l.i:‘llll,::‘.n‘s of the cepha'o-thomcic and soon after, a few trans-

verse furrows appear fur-

ther back, these being the rudiments of the first body-segments

and of a large posterior region.  This is followed by the separation
of further segments from this latter region (Laurig).

MEmscHNIKOFF deseribes a stage in which the embryo seems divided up into
three primary regions. The anterior region corresponds to the primary cephalon,
and the posterior to the post-alulomen ; the middle section is said to give rise to
the remainder of the body.  This view could not be definitely proved by
METsCHNIKOFF, and it is more prolable that all the trunk-segments are derived
from the posterior region.  These carly stages of the segmented germ-band show
a certain similarity with the ontogenetic stages of the Trilobita, and might
thus give rise to a comparison with these forms (Vol. ii., p. 340).

In Eusrorpins, a stage was observed at which were present the
primary cephalie region, a smaller segment following this (that of the

® (Braver's App. to Lit. on Scorpiones, No. I1.) observations on the origin
of the embryonic envelopes in Ewscorpins are in agreement with those of
LAUVRIE. BRAUER's aceount of the whole ontogeny is most complete.—ED. ]









DEVELOPMENT OF THE EXTERNAL FORM. 9

of development, the yolk becomes absorbed by the entoderm, prob-
ably after the yolk-cells scattered throughout the former have
brought about its liquefaction. The en-
teron formed by the circumecrescence of the
yolk by the entoderm becomes connected ~ ~ ~ - #L.
with the stomodaeum, which is formed $--
between the cephalic lobes (Figs. 6 and
13 B, m). The proctodaeum also arises
from a depression of the ectoderm situated .-
on the ventral surface of the telson
(according to KowaLEvskY and ScHULGIN 3
on the penultimate segment). The meso- Y
4 P~
derm also extends with the growth of
blastoderm over the yolk, and, starting
from the ventral surface, grows upward
between the ectoderm and the entoderm. —peb.
The development of the embryo thus
progresses from the ventral surface, which  Fio, 6.—Germ-bands of Euscor-

was formed early, towards the dorsal  piusifalicus(after LavRi). ch,
chelicerae; g, ganglia of the

surface, until at last this also is com- cheliceral segment; Ki, ceph-
alic lobes; m, mouth; p, am-
pletely covered. bulatory limbs ; pabd, the post-

It appears as if the extension of the  abdomen bent forward; ped,
embryonic rudiment over the yolk was ~ PTOpelps; £ % 3,4 fmst four
accompanied by an outward displacement
of the primitive attachment of the embryonic envelopes, so that these
finally surround the whole embryo. According to METSCHNIKOFF,
they become entirely detached from the embryo, evidently after
the enclosing of the yolk, and then form an isolated bilaminar
envelope around it. METSCHNIKOFF also confirms GANIN'S view,
that between the inner envelope and the embryo another fine
cuticular membrane is secreted by the latter, and becomes detached.
This would represent a larval integument, such as occurs in the
Araneaec and Acarina. The embryo is born surrounded by the
embryonic envelopes, and escapes from them only after birth
(METSCHNIKOFF).

The limbs of the embryo, up to this point, are merely truncated
appendages. The pedipalps now become forked, and thus attain
their chelate character (Fig. 7 B); the chelicerae undergo the same
development. Both these pairs of limbs shift towards the mouth
and lie at its sides. At the base of each of the pedipalps and of
the four pairs of limbs there soon appears an outgrowth, which at
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3. The Formation of the Organs.
A. The Nervous System and the Eyes.

The ventral longitudinal commissures arise early in the form of
two thickened bands situated at the sides of the median groove, and
extending the whole length of the body (Fig. 7, 4 and B). A
segmentation into the ganglia is soon apparent, The increase in size
of these ganglia (according to KowaLEVSKY and ScHULGIN) is due to
the development of ten to twelve pit-like depressions on each
segment, these representing points of specially active cell-growth.
Fifteen to twenty such depressions are also found on the cephalic
segment. They suggest the vestiges of sensory organs, which
finally disappear when the chain of ganglia becomes detached
from the ectoderm. The invaginated median strand (the neural
groove) also scems to participate in the formation of the ventral
chain of ganglin (PATTEN, LAURIE), but this point is not yet estab-
lished. We are unable to determine from the statements of the
above authors whether the chain of ganglia and the supra-oesophageal
ganglion form one.continuous rudiment, or whether these two parts
of the system arise separately.

The supra-oesophageal ganglion seems to arise in close relation to
the invaginations which were evident in earlier stages, first as rounded,
and then as semi-circular depressions on the cephalic lobes (Fig. 4,
C,and 7, A and B). While these cephalic pits are still shallow, a
distinct thickening of the ectoderm takes place between them (Kig.
12, A). This forms the median wall of the two pits. We may
assume that this thickening is chiefly concerned in the formation of
the brain. Later, the pits become deeper, their apertures become
narrower, and shift backwards, as will be further described in
connection with the formation of the eyes. It appears that the
rudiment of the brain at the same time bLecomes gradually detached
from the pits, and takes up a more lateral position. This accounts
for the fact that, at a later stage, the rudiment of the bLrain lies
laterally to the pits. The cephalic pits furnish the rudiments of
the median eyes.

The above description does not altogether agree with statements made by
Laviie. Kowarrvsky, and Scuvreis, who regard the brain as more closely
connected with the depressions, indeed, as directly derived from them. We are
not able, however, to interpret the figures given by Lavrie and PATIEN in any
other sense. There would still be a counection between thie formation of the
brain and that of the median eyes, but it would not be so close as the authors
above-named imply.
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In the rudiment of the brain, and especially in those parts of the
cephalic pits which take part in its formation, there occur the same
small depressions which were mentioned above in connection with
the formation of the chain of ganglia, and were regarded as the
formative area for ganglionic cells (KowaLevsky and ScHULGIN,
Laurie). When the brain separates from the cephalic pits, it seems
at the same time to lose its connection with the ectoderm.

With the brain are united the ganglia of the cheliceral segment
(KowaLevsky and ScBULGIN), a corresponding connection being
found in the adult. The two pairs of cheliceral nerves thus have
their origin in the brain, which is divided into an anterior portion,
giving origin to the optic nerves, a small middle unpaired portion
giving origin to the nerves of the rostrum, and a posterior paired

F16. 9.—Euscorpius italicus (after LAURIE). A, transverse section through the anterior part
of the embryo; B, anterior part of an embryo spread out flat, and seen from the ventral
side; C, sagittal section through the head. a, rudiment of the median eyes (lenses); ch,
chelicerae ; ¢, cephalic pits; g, brain; p,, p,, first and second ambulatory limbs; ped,
pedipalps ; vd, stomodaeum.

portion giving origin to the cheliceral and sympathetic nerves. The
thoracic ganglia and those of the first two [? three] abdominal
segments unite to form the large sub-oesophageal ganglionic mass in
the thorax which approximates to the brain. The number of ab-
dominal ganglia becomes reduced, by this fusion of some of the
anterior pairs, to seven (four probably belonging to the pre-abdomen,
and three to the post-abdomen). Some of the above facts were
made known through the researches of H. RatERE (No. 28) as
early as 1837.

The formation of the median eyes is connected with that of the
supra-oesophageal ganglion, inasmuch as both can be traced back, in
part at least, to the cephalic pits. It has already been stated that
these pits are said to take part in the formation of the brain. It is









16 ARACHNIDA.

retinal cells (MaRrk, PARkER). If the above is really the case, these
processes are of great histological interest, but these changes need
further investigation before they can be regarded as fully established.
From a theoretical standpoint, the account just given of the optic
nerves is highly suggestive. The rudiment of the eye appears as
an invagination, and we should expect that, by the closing of this
invagination, the lens and the vitreous body would develop from the
outer, and the retina from the inner, wall of the optic pit. The
nerve would then join the posterior wall of the eye. This latter is
actually the case, but the lens and the vitreous body are formed
from a part of the hypodermis lying outside the invaginated area
(Fig. 10, 4-C). A striking modification in the formation of the
eye has thus come about, the cause of which is as yet unknown.
The result of this modification is that the surface of the retina
which, at an early stage, was directed inwards, is now approximated
to the lentigen hypodermis (Fig. 10, ). With this portion of the
optic pit the nerve retains its primary connection. In order that
the eye may form according to this new method, however, the nerve
must shift from the original convex, lower surface to the primary
concave surface of the invagination (Fig. 10, B and C). A portion
of the wall of the pit becomes, during this process, the post-retinal
layer, losing its sensory character. This layer must necessarily be
traversed by the nerve, as is actually the case in the adult animal
(Ray LaNKESTER and BotrxEg, No. 20).

The lateral eyes arise much more simply than the median eyes.
At the time when these latter arise, two long pigmented areas of the
integument appear laterally and somewhat posteriorly to them;
these are the rudiments of the lateral eyes. The hypodermis is
much thickened at these parts, and a number of depressions appear;
there may be as many as five, but the number varies in the different
species of Scorpio (Fig. 11 4, II-V). Each of these pits gives rise
to an eye, which develops very simply in keeping with the simple
structure of the adult lateral eye (ParkeR). The greater part of the
invagination becomes the retina. When the lens is formed, the more
peripheral cells grow inward over the central portion (retina) and
secrete the lens, which now lies over the slightly depressed central
part (Fig. 11 B3). In this latter, we now find differentiated retinal
cells and the intercalated pigment cells, while, laterally, this single
layer of cells passes gradually into the peripheral (lentigen) cells,
which, in their turn, are continued direct into the hypodermis
(Fig. 11 B). This continuous cell-layer secretes posteriorly a cuti-
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cular basal membrane, which separates the eye from the surrounding
tissues. The nerve becomes connected with this posterior side of
the eye.

While the median eyes of Scorpto thus originate as complicated
processes of infolding, the lateral eyes arise very simply as mere
depressions of the hypodermis. The simpler structure of the lateral
eyes is not sufficient to explain this, so that there must be other

a L
R--
ke
Fi10. 11.—8ecti through two ontogenetic stages of the lateral eyes of Scorpio. A, earlier,

B, later stage; somewhat diagrammatic (after ParkER and Lauris). II-7, the optic
invaginations; A, hypodermis; in, interneural cells; [, lens; mes, mesodermal tissue;
n, optic nerve ; pn, perineural cells; r, retina; rh, rhabdom ; sz, retinal cells (terminal cells
of the nerve).

factors which are not yet rightly understood. In relation to this, the
transformation of the cephalic pits into the rudiments of the median
eyes is remarkable.

We have founded our account of the origin of the brain and the
eyes on the descriptions of authors who have investigated this
subject, but these are for the most part very incomplete, especially

c
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enteron first develops fully, arising from this cell-mass in the form of
a tube which, like this body-region itself, is at present neither thick
nor long. The gut continues to develop from this region, the
epithelium differentiating first on the ventral surface, and gradually
extending dorsally. The whole of the yolk was surrounded by
entoderm at an earlier stage, but it appears that the cells of the
entoderm resemble those we have already met with in the Crustacea
(Vol. ii., p. 129). They are greatly swollen and are of a cylindrical
shape, so that they do not yet resemble the future intestinal
epithelium ; they are chiefly occupied in the assimilation of the
yolk. This provisional epithelium gradually changes into the
definite intestinal epithelium from behind forward, first developing
ventrally, and then extending towards the dorsal side. The hepatic
caeca, which at first contain abundant masses of food-yolk, form as
outgrowths of the provisional epithelium, perhaps also caused by
the inward pressure of the folds of the splanchnic layer of the
mesoderm, as in the Araneae (p. 82). It appears as if the hepatic
tubes were segmentally arranged. By further extension and rami--
fication, the liver attains its definite form.

It scems probable that the above description of the development of the
enteron is correct, since LAURIE, as well as KowALEvsKY and SCHULGIN, speak
of a somewhat carly and complete circumcrescence of the yolk Dy the entoderm.
We have not, however, succeeded in obtaining a perfectly clear idea of these
processes from the works of these observers. They might be understood to
imply that the circumecrescence just mentioned is only complete at some parts,
e.g. anteriorly, where the germ-band grows round the pole of the egg, and
especially posteriorly, and that the circumecrescence of the yolk by the entodermn
only takes place from behind (progressing ventro-dorsally), the entoderm soon
developing into the definitive intestinal epithelium. This method of origin of
the intestine would somewhat resemble that in the Araneae, where the epithelium
of the enteron grows round the yolk-mass, which is directly bounded by mesoderm
(p. 82). We are not, however, able to obtain this idea from the treatisee under
review, and there would even then be considerable difference between this
process and that in the Araneae, since, in the latter, the first rudiment of the
enteron is said to form from an accumulation of yolk-cells.

The two long, tubular intestinal appendages which until now have
been called Mualpighian vessels, and thus regarded as homologous with
the synonymous organs of the Insects and Myriopoda, arise in the
last segment of the pre-abdomen as outgrowths of the enteron
(Laurie). The two outgrowths form comparatively far forward on
the enteron at a time when the proctodaeal invagination has not yet
appeared. When this arises, the Malpighian vessels are secen opening
into the intestine in the pre-abdomen ; their point of origin is thus
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cells yield the blood-corpuscles. A similar process has been observed in the
formation of the heart of the Araneae (see Figs. 45-47, pp. 86-89).

The description of the origin of the heart given by KowaALEvSsKy and
SCHULGIN is not altogether easy to reconcile with that given by LAvRIE. The
statements of the former seemed so definite that we felt obliged to follow them ;
but, on the other hand, the observations of LAURIE agree better with the
processes which take place in the Araneae. It is, in fact, impossible to obtain
a clear idea of the whole process from the works under consideration. According
to LAURIE, it appears as if the dorsal part of the mesoderm had already split
when the formation of the heart begins, in which case this organ would
develop as in the Araneae. We are, moreover, disposed to regard the process
as resembling that in the Annelida, and to imagine a delamination of the
mesoderm to form the heart ; this organ, however, is thought to arise somewhat
differently in the Araneae (p. 88).

KowaLEVSKY and ScHULGIN distinguish an endothelinm and a muscle-layer
in the heart, both arising from the mesoderm. During the differentiation of
these layers, the ostia appear in the wall of the heart. The alary muscles
form from the mesoderm, and a layer of mesoderm-cells appears around lut
at a little distance from the heart, forming a continuous envelope to it; this
is the pericardium.

The coelom of the Scorpiones, up to the time when the heart
forms, closely resembles that of the Annelida. It consists at first
of separate divisions formed in the primitive segments. The anterior
and posterior walls (dissepiments) of the latter are broken through,
but the cavities themselves are retained for a time, and are lined
by the coelomic epithelium; they thus represent a true coelom.
At the time when outgrowths of the splanchnic layer extend in
between the lobes of the liver, this is, according to LAuRIE, still
the case. These cavities then become filled with cells, which
doubtless arise during the disintegration of the wall of the primitive
segments. The somatic layer undergoes further differentiation, the
body-musculature forming out of it. The coelom will be further
described in connection with the development of the Araneae, in

which it is better known than in other Arachnids.

F. The Coxal Glands.

A complicated coiled gland is found on each side of the cephalo-
thorax in the Scorpiones, opening, in the young, on the base of the
third ambulatory limb (Fig. 14, A). At its carliest stage, this gland
is described by LAURIE as a simple, straight tube, which runs forward
from its aperture at the base of the third ambulatory limb in the
somatic layer of the mesoderm, and communicates with the coelom
throuyh a funnel-shaped aperture. The tube becomes closely coiled
later, finally forming the glandular mass which is found in the adult.
The external aperture was still evident in the young when ready for
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statements as to the development of Chelifer up to the time of the formation of
the blastoderm are, indeed, confirmed by STECKER with regard to Chthonius,
but the description of the latter author is not calculated to inspire confidence.
A more recent treatise by J. BARROIS * on the ontogeny of Chelifer is too short
to supply many further details.

The eggs of Chelifer and of Chthonius are spherical and crowded
with yolk-spherules. Each is surrounded by a vitelline membrane,
and again by a second envelope probably secreted by the oviduct.
These eggs are carried by the mother on the ventral surface of the
abdomen, where they pass through their development. The cleavage
is at first complete, the egg dividing up into two, four, and eight
equal blastomeres (Fig. 15 A). In the latter stage, i.e., when the
egg is divided up into eight spheres, clear protoplasmic segments
are said to appear on the surface of the yolk-laden spheres. The
number of these clear cells soon greatly increases, until they form a
layer surrounding a central mass of yolk (Fig. 15 B); this layer may
be regarded as the blastoderm. The large yolk-segments with their
nuclei can still be clearly seen within the egg.t

The whole process must, no doubt, be thus explained : The few nuclei which
enabled the, yolk to break up into segments, by division, send off nuclei to the
periphery, the nuclei. which remain within corresponding to the yolk-nuclei of
other Arthropod eggs. In the fact that the yolk itself remains segmented these
forms are peculiar.

As the segmentation of the yolk gradually disappears, the blasto-
derm divides into an outer and an inner layer of cells (METSCHNIKOFF,
Fig. 15 '). About this time, large clear bodies appear between the
blastoderm and the egg-integument; these contain structures
resembling nuclei, and therefore resemble cells (Fig. 15 C€).
MEeTscHNIKOFF was reminded by them of an embryonic envelope, but
could not convince himself that such a covering was actually present,
and regarded these structures as disintegrated masses of albumen, a
view also taken by STecker. These cells recall those found beneath
the cuticular envelopes in the Mites (CrLararipeE's haemamoebae,
Fig. 53, p. 99).

* We have not heard of any more detailed work on this subject by BArnols ;
STECKER's preliminary notice also seems not to have been followed Ly any
larger treatise. [See BAkRols (App. to Lit. un Pseudoscorpiones, No. 1.).—En.]

t [Barrois (App. to Lit. on Pseudoscorpiones, No. L.) has recently very fully
investigated the (lcvolc.»rmcut of (helifer; he finds that segmentation may be
either total or partial, the latter condition predominating and resulting in a core
of yolk with peripheral cells, some large, which form the blastoderm, others very
small, which become applied to the vitelline membrane. A deep median ventral

longitudinal groove appears, from the walls of which mesoderm-cells are pro-
liferated off. ~ Origin of the entoderm obscure, nuclei appear in the yolk.— En.}
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variations in their method of development appear comparatively unimportant.
Attempts have been made to connect the Pseudoscorpiones with other divisions
of the Arachnida, especially with the Opiliones, but thecse have not been
sufficiently based on the organisation of the two groups. We must therefore,
according to a recent investigator of the anatomy of the Chernctidac
(CRONEBERG), leave the systematic position of the Pseudoscorpiones undecided,
since their ontogeny, so far as it is yet known, throws no light upon the subject.

IV. Opiliones.

The spherical eggs of the Opiliones are surrounded by two
membranes. The inner membrane is secreted by the egg, the outer
by the epithelium of the genital duct; they represent the vitelline
membrane and the chorion. The eggs, glued together so as to form
a large ball, are deposited in a hole in the ground (HENkING). The
first ontogenetic processes have been closely studied in Optlio and
Leiobunum, by HENKING, but we are unable to accept his view of
the origin of the cleavage-nuclei through free nuclear formation,
since it contradicts what is known of other Arthropoda.* Accord-
ing to Fatssek, the egg of Phalangium divides up into a number
of large spherical cells filled with yolk-spherules, each cell contain-
ing a central nucleus. Cleavage is therefore total. These cells might
be compared to the yolk-pyramids in the eggs of the Araneae, but, in
the subsequent processes, these cells in the Opiliones seem to differ
from those structures. A cleavage-cavity does not appear. The
formation of the blastoderm occurs by the separation and more rapid
division of some of the peripheral cells. Not all the cells, indeed,
not even the majority of them, rise to the surface to form the
blastoderm, a large proportion of them remain within the egg as
yolk-cells (Hexking, Favssek). The formation of the blastoderm
takes place more rapidly in one half of the egg than in the other,
a condition similar to that observed in the Araneae.

Active increase in number of the blastomeres in one region of the
blastoderm leads to the formation of a thickening in it; this is
the germ-disc.  According to Faussek, immigration of cells into the
yolk-mass from the disc does not take place; the entoderm being
possibly represented by the cells which remain in the yolk, and
from them, at a later stage, the epithelium of the enteron arises.

The origin of the entoderm from cells which, from the first, remain behind in

the yolk, has been assumed for the Arancae (SCHIMKEWITsCH), but the forma-
tion of the germ-layers in the Opiliones has not yet been observed sufficiently

® [Most cytologists do not believe in the existence of the process termed
free nuclear formation ; all modern research tends to prove that every nucleus
has originated directly from a pre-existing one.—En. ]
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by the fact that the abdomen consists of ten segments visible
externally. It is a striking fact that the Solifugae, which breathe by
means of dendriform tracheae, possess at least three pairs of stigmata;
the first opens on the fourth segment of the body, viz., the second
thoracic (t.e., the first free thoracic) segment ; the second pair opens
on the second abdominal, and the third pair, which are closely
approximated, open on the third abdominal segment. A fourth
opening may be present as a median stigma on the fourth abdominal
somite. *

We cannot agree with those who find actual relationship to the
Insecta implied in the very striking features we have mentioned, and
regard the Solifugae as a connecting link between the two stocks of air-
breathing Arthropoda. The value of a division of the anterior body
into head and thorax, in which the three anterior pairs of limbe
would have to be considered as the equivalents of the three pairs of
oral limbs in the Insecta, is diminished by the fact that one pair is
still wanting, i.e., there is in the Solifugae no homologue for the
antennae of the Insecta. The most difficult point to explain is the
position of the pair of stigmata on the cephalo-thorax ; we can only
assume that it was acquired later. The assumption gains in proba-
bility when we find that stigmata appear on the cephalo-thorax in
the Acarina also, on the legs in Opiliones (Hansex), and on the head
in Scolopendrelle and Sminthurus (7). The presence of a spiral
filament in the tracheae of the Sulifugue is no proof of their
relationship to the Insecta, since it occurs also in other Arachnida.

In spite of the external division of the body into three parts, the
Solifugae agree so closely with the Arachnida in outer and inner
organisation, that we are not justified in separating them from that
class. The shape of the chelicerae, the possession of a coxal gland,
like that which is found in the Arachnida (MacLeop, No. 44), the
hepatic tubules derived from the enteron,t the position of the genital
aperture on the first abdominal segment, and other less striking
features favour the .\rachnid character of the Solifugae. We there-
fore regard them as a branch of the Arachnid stock developed in
a special direction, a view which corresponds to that of Rar
LaNkesTER (No. 45) and other writers on this subject. The slight

* [BerNarn, op. cit.]

t With regard to the liver, it should be mentioned that a more recent
observer (Bixvea, No. 42) has found certain differences in structure between
this organ in the Solifugae and the Aruchnida in general. He also, however,
deseribes the liver as a well-developed organ tilling up the interstices between
the other organs, a description which applies to the liver of an Arachnid, but
not to that of an Invect.
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data that are afforded by ontogeny confirm our view, the embryo of
- Galeodes closely resembling an Araneid embryo. More accurate
data as to the development of the Solifugae are very desirable.

Systematic : VL Aranese.*

A. TETRAPNEUMONES.

Avicularia (Mygale), Atypus.

B. DiPREUMONES.

Epeira, Theridium, Agalena, Lycosa, and all the other
Araneae mentioned.

Oviposition and the Oonstitution of the Egg. The Araneae
build nests or prepare cocoons for their eggs, and usually watch over
them. In many cases the cocoons are carried about by the mother,
held by the chelicerae (e.g., Dolomedes, Pisaura) or attached to the
abdomen (e.g., Lycosa, Tarantula).

The eggs, which are rich in yolk, are surrounded by a vitelline
membrane as well as by an external envelope, probably secreted by
the oviduct, the latter being described as the chorion. A thin
protoplasmic layer (the periplasm or blastem) covers the yolk, which
in turn surrounds a central mass of protoplasm (the centroplasm),
within which the nucleus is situated; from this central inass fine
protoplasmic strands extend to the surface, thus breaking up the
yolk into columns.

Besides the nucleus, a remarkable structure is found in the eggs of
Araneae, and called the yolk-nucleus, but this is not yet sufficiently
understood. It consists of a compact accumulation of spherules;
occasionally it is quite a complicated structure, composed of several
concentric layers. When the egg matures the yolk-nucleus usually
disappears, but it appears sometimes to be still retained, and is said
to be still found near the nucleus in one of the yolk-complexes
in the two- and four-celled stages of cleavage (KISBINOUYE).

According to Lupwic (No. 66), the external envelope is marked out into
polygonal areas, but this has recently been referred to the breaking up of the
periplasm into polygonal divisions, SABATIER (No. 70) and Locy (No. 64),
these writers thus agreeing with older statements made by BaLBian1 (No. 46).
This polygonal marking must not be confounded with blastoderm-formation
(which only occurs later) ; the former is said to appear even before cleavage

* [Pocock divides the Araneae into two groups—
A. Mesolsxelae, comprising one genus, viz., Liphistius, with a segmented
abdomen.

B. Opisthothelae { f&ﬁ:ﬁ:ﬁlﬁ;—b.]
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the posterior to the telson, with the as yet undifferentiated segments of the
post-abdomen, and the middle part giving rise to the other segments of the
body (p. 6).

It is well to bear in mind how extremely difficult it is to orient the regions of
the body in these early stages of the Araneid embryo (¢f. Figs. 23-25). This
difficulty throws some doubt upon the correctness of the identification of the
body-segments, given above on SALENSKY's authority, and consequently the
whole order of formation of the thoracic somites may be at fault.

Fii. 25 —Embryos showing varying degrees of sezmentation, but not yet provided with
limbs, A and L, Pholeas opilionnides; C, Clubiona (after CLAFAREDE). A4 and B, lateral
aspects: C, ventral aspect. ok, cheliceral segment; « pr, primitive cumulus (?); eA, egg-
integument s h, posterior, kI, cephalic lobes: pal, pedipalpal segment; I-I¥, thoracic
segments s 1, tirst abdowinal sezment ;) sl, caudal lobw ; ¢, anterior.

The segments of the pedipalps and chelicerae are said by almost
all authors to appear later than the four thoracic segments. Just as
the posterior region of the embryo contains in itself a number of
segments, g0 also does the anterior lobe comprixe, besides the cephalic
part, the segments of the chelicerae and the pedipalps. A regular
separation of segments from before backward, therefore, does not
take place. At the stage in which there are six segments interposed
between the cephalic and caudal lobes (Fig. 25 4 and B) the four
posterior segments are much better developed and more distinetly
marked off than the two anterior segments.  BaLrornr, ScHIMKE-
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CHAPTER XXIIL

PENTASTOMIDAE.

Our knowledge of the Pentastomidae still rests principally on
LEUuCRARTS observations, supplemented by a few smaller treatises,
and recently confirmed and amplified by StiLEs. '

1. Embryonic Development.

The eggs of Pentastomum are surrounded by two envelopes (Fig.
58 4 and B, k). The early embryonic development takes place
gradually as the ovum passes down the uterus. Cleavage is total
(LeuckarT, MacaLisTEr). The egg breaks up into a number of cells
of about equal size, the further fate of which could not be ascer-
tained. MacaLSTER describes the formation of a blastoderm and a
germ-band, but his statements are not conclusive. According to
LEeuckarT, a germ-band is not formed. The embryo secretes a
surface cuticle at an early stage, a disc-like thickening appearing
on the dorsal surface of this cuticle. When the cuticle detaches
itself from the embryo and forms a third envelope to the latter
(Fig. 58 A and B, eh), it remains connected at this thickened disc
(dorsal cone, r2). The chitinous integument also, which is now
secreted as a covering for the embryo, is correspondingly thickened
at this spot, and takes the form of a pit-like depression. The “dorsal
cone,” which at first connects these two chitinous thickenings,
-becomes constricted and broken through, but a trace of it is left
attached to the embryo; this, in P. taenioides, is shaped like a raised
cross situated in a cup-shaped groove (Fig. 58 B and C, rk). The
remainder of the ¢ dorsal cone” is retained on the detached integu-
ment as a circular thickening (the so-called facet, Fig. 58 B, f).
This structure recalls the micropyle or the dorsal organ of the
Crustacea, with which LeuckarT has compared it.

A certain external similarity in structure is found between the so-called
primitive tracheae of the Acarina and the dorsal cone of the Pentastomum ; but

these ‘‘ tracheae” are paired and lie ventrally, so that there is no real agreement
hetween them.
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CLEAVAGE AND FORMATION OF THE GERM-LAYERS. 141

not seem to be constant (MoreaAx), and in any case it soon disappears
again. This also, if proved to be correct, would constitute a certain
analogy with a condition described for the Araneae (p. 39). In

F10. 64.—Bections through eggs of Pallene in various stages of blastodern-formation (after
Morcax). In D, an invagination (e) appears in the blastoderm, round which cells (probably
the first mesoderm-cells) are given off. bl, blastoderm; d, yolk; dp, yolk-pyramids ; e,
aperture of the invagination ; ek, external and internal integument ; fh, cleavage-cavity (f)

them also there is a transition from total to superficial cleavage.
There is also a concentration of the blastoderm towards that pole
at which later the first indications of the embryo appear (Fig. 64 C).
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CHAPTER XXIV.

TARDIGRADA.

Tue eggs of the Tardigrada are laid either singly (Macrobiotus
Hufelandi) or several together, and are left in the cast-off skin of
the mother. In the case of eggs laid singly, the egg-integument is
.thickly studded with small prominences which render its examination
very difficult. When several eggs are laid together the egg-envelope
is smooth and transparent. The species investigated by Karrumaxs
seems to have been comparatively easy to study, and he was able to
establish the fact that its cleavage is total and equal, as v. SixpoLD
had already stated. Kaurmaxy followed the process of cleavage up
to the formation of a morula stage composed of cells of about equal
size. He then observed the separation of a peripheral cell-layer from
the central mass, and the flexion of the embryo which supervenes.
The concave side of the embryo seems to correspond to the ventral
surface, for the limb-rudiments here arise on the two sides. Two
pairs of prominences appear first; these are apparently the two
anterior pairs of limbs, which are followed by the third and fourth
pair.  When the young leave the egg, they poesess the full number
of limbs and have the general form of the mother.

v. SIEBOLD'S statement (No. 4, p. 553), that the Emydiac have only three
pairs of limbs when they leave the egg, may be traced to a misunderstanding of
DovERE's account (No. 1). This author states that the limbs are here not fully
developed, not that one pair is wanting. It does not appear from v. SiEBOLD'S
account that he himself investigated this point, which is of interest in con-
nection with the comparison that has repeatedly been made between the
Tardigrada and the Acarina.

The accounts of the ontogeny of the Tardigrada are unfortunately
so scanty that we can hardly gain anything from them applicable to
the whole group. We cannot even tell for certain if a blastoderm and
germ-band develop, although this is probable. The armature of the
mouth is evidently a product of the stomodacum, as may be gathered
from the study of the adult anatomy ; mouth-parts (in the sense in
which the term is used of the Arthropoda) apparently do not appear




































































































































































































































238 MYRIOPODA.

are found on the first, third, and fourth trunk-scgments (Fig. 122).* Two trun-
cated pairs of legs lying below the integument belong to the fifth segment, and
another pair of the same kind to the sixth segment. After ecdysis these limbs
project freely, and the stage with seven segments and three pairs of legs is
followed by one with nine segments and six pairs of legs. The next (third)
stage has twelve segments and ten (3 ) or eleven ( @) pairs of legs. The
sixth segment now has one instead of two pairs, and the seventh segment of
the female has two pairs, while in the male it carries only one. The copulatory
limbs of the male which lie on the seventh segment develop only in the adult.
The further development of segments and limbs is set forth in the following
table :—
Stage I. 7 segments 3 pairs of legs.

iIm. 9, 6 ”
L. 12, 10 " (@) 11(2)
IV'. 15 » 16 ” ” 17 ”»
V. 17 ” 22 ” ” 23 ”»
VI 18, 26 » w 21,
VI 19, 28 » »w 29
Vi, 20, 30 » w 31

Sexual maturity is reached in the eighth stage, and is accompanied by the
development of the copulatory limbs which usually belong to the seventh
trunk-segment in the Diplopoda. A moult occurs between each stage.

In the Julidae examined with special care by NEWPORT in this connection,
the course of development was, on the whole, similar to the above. On both
the fifth and sixth segments the larva has two truncated pairs of legs Leneath
the integument, which, after the first moult, appear as well-developed limbs.
Through later monlts each of the following segments also develops two pairs of
legs, and the number of segments increases from before backward.

In both the larval and the adult condition of Strongylosoma, Polyicsmus, and
Julus, one of the four anterior segments is without limbs, this being the second
segment in the first two genera, while in Ju/lus it is the third (Figs. 121 B and
122).  In Polurenus this secms not to e the case ; the larva of this Diplopod
has at first ouly five trunk-segments (the anal segment included) and three pairs
of legs attached to the three anterior segmients. In the next stage the number
of segments is the same, but another pair of legs appears on the fourth segment
(Bovr . This last pair is rctained as a single pair when, in the third stage, s
pair develops on the newly-formed fifth segment, and during the moult which
follows another pair is added on this last segment. During the eight stages
passedd through by this larva, three other segments, each provided with two pairs
of legs (the sixth, seventh, and eighth), are added, the ninth segment, however,
carries ouly one pair of limbs, while the segment lying in front of the anal
scgment is devoid of extremities (Bobr, Latzer, vod RaTtH). It is character-
istic of the terminal segment in the Diplopoda that no fusion takes place in it,
and this is also the case with the four anterior segments (known as the thorax),
and, apparently, fusion is also absent in the genital vegment.

C. Symphyla and Pauropoda.
Up to the present time, as far as we know, nothing is known of the embryonic
development of these Myriopoda which, on account of their minute size, are
¢ [See footnote, p. 237.—Eb.]
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secondary. Further, it is of interest in this connection that the
eggs of the lowest Insects (Podura) are also said to undergo total
cleavage, although we aro still without certainty on this point.

The formation of the germ-layers in the Myriopoda is still too
little understood for us to draw definite conclusions from it, but
the external form of the body offers a few points of comparison,
though these are perhaps not very certain. It was shown that the
Myriopodan egg undergoes a decided ventral folding at an early stage
of development, and that this may lead to the sinking of the whale
germ-band into the yolk (Figs. 113-116, pp. 226-230). This also
appears to be the case in Peripatus, judging from the statements
and drawings of L. SHELDON, and it seems not impossible that these
developmental processes which occur in the Myriopoda and the
Insecta are foreshadowed in Peripatus.®

Indications of a low grade of development, and at the same time
of resemblance to Peripatus, are afforded by the suggestion of
ventral organs (of head and trunk), the continuation of the primitive
segments into the extremities, especially into the antennae, the
condition of the ectodermal (crural) glands and of the salivary
glands (which perhaps arise from the mesoderm), also by the double
rudiment of the heart and by the formation of the genital glands;
but unfortunately our knowledge of the ontogenetic processes in
these cases is not sufficient to raise conjecture to the level of
certainty. The adult animal is better understood, and in it the
constitution of the mouth-parts, the segmentation of the nervous
system, the structure of the eyes, the presence of the Malpighian
vessels, as well as the condition of the blood-vascular system and
theghody-cavity prove without doubt the near relationship of the
Myriopoda to the Insecta. DBy far the most striking point of agree-
ment is afforded by the tracheae, which are constituted exactly like
those of the Insecta. If we now ascribe great importance to a
peint which was not considered applicable in a comparison with
the Arachnida, it is because a derivation of the long and fairly
homonomously segmented Myriopada from forms like Peripafus
already provided with tracheae is naturally suggested, while such
agderivation of the Arachnida is met with great difficulty, as ha=s
alrealdy been shown more in detail (p. 110).

In spite of the great agreement existing between the tracheal
system of the Myriopoda and that of the Insecta in the adult
stage, one fact in connection with the former seems to suggest

* [See fortnote, p. 216.—ED.)
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CHAPTER XXVIIL

INSECTA.

Systematic (after BRaUER, No. 146) :—

A. APTERYGOGENEA.

a.

b.

Thysanura (Campodea, Japyx, Machilis, Lepisma).
Collembola (Podura, Sminthurus).

B. PTERYGOGENEA.

S Ra R

on the plants (galls).

e e 3d e N

Dermaptera (Forficula).

. Ephemeridac.
. Odonata (Libellulidac).
. Plecoptera (Perlidac).

Orthoptera genuina (Blattidae, Phasmidac, Mantidae,
Saltatoria).

Corrodentia (Termitidae, Psocidae, Mallophaga).
Thysanoptera (Physapoda, Thrips).
Rhynchota.
Neuroptera (Sialidae, Megaloptera).
Panorpatae.

. Trichoptera (Phryganeca).

. Lepidoptera.
Diptera.

. Siphonaptera.

. Coleoptera.
Hymenoptera.

I. Embryonic Development.

> Homomorpha.

> Heteromorpha.

1. Oviposition and the structure of the ripe egg.

Most Insects are oviparous, only a few forms bringing forth their
young alive, e.g., the parthenogenetic generations of the Aphidae,
many Diptera (Sarcophaga, Tachina, Oestridae, Pupipara, Cecidomyia
larvae), the Stylopidae, and a few Coleopters (many Staphylinidae).
The eggs when laid are protected from external injuries in many
different ways, either by being glued to some surface or by being
deposited in water, below ground, or within the tissues of plants.
In the last case the laying of the eggs often gives rise to excrescences

Insects whose larvae live as parasites in the
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in the Muscidae must be regarded as secondarily acquired, when we
take into consideration the condition of other nearly related forms.

We .have as yet no certain data to help us in discussing the
question of the physiological significance of the germ-envelopes.
Although the increase of the yolk-absorbing surface may have been
of importance for the development of the invaginated germ-band,
this consideration does not help to explain the development of the
amniotic folds that have grown over the germ-band. In the latter
we seem to see the influence of an ontogenetic tendency which led
to the germ-band being separated from direct contact with the inner
surface of the chorion (or vitelline membrane). This may have
afforded greater protection against certain mechanical injuries,
perhaps also against the danger of desiccation or adherence. The
latter hypothesis seems to receive specinl support from the fact that
eggs with degenerated embryonic envelopes (Creidomyia, Tuchina,
Muscidae) are, in consequence of the nature of their surroundings,
less exposed to this danger. All these conjectures, however, affond
little satisfaction.

4. Development of the external form of the Body.
A. Segmentation.

The first traces of segmentation are found very early in the
germ-band of the Insecta, which becomes divided up by superficial
transverse furrows into a number of somites. This segmentation,
in the form of consecutive metameres, may appear as early as the
very beginning of gastrulation (Hydrophilus, KowaLevsky and
Hewer, Fig. 134 A and B, p. 270, and Chalicodoma wmuraria,
Carrikre, No. 13, Fig. 166, p. 315). The transverse boundaries
of the segments then extend not only over the middle plate (p. 310),
from the invagination of which the lower germ-layer arises, but
laterally over the lateral plates (Fig. 156, s), which become the
ectulerm of the germ-band. These transverse furrows owe their
origin to the alternate thickening and thinning of the epithelium,
which at this stage forms the embryonic rudiment, the furrows
corresponding to the thin areas. It follows that, in the forms just
enumerated, after gastrulation has taken its course, not only the
cctolderm, but the lower layer also, is segmented.

Heimner (No. 38) maintained in the case of Huydrophilus that the
first indications of scgmentation even precede gnstrulation. Similar
transverse zones of the blastoderm have been observed by WuzeLer
(No. 95) in Doryphura and by GRABER (No. 30) in Lina, but these
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stomodacum and the proctodaeum and the rudiments of the limbs.
The fore-gut and the hind-gut appear as ectodermal invaginations,
the stomodaeum and the proctodaeum, in the primary cephalic region
and on the telson (Figs. 145 C, m, and 146 4, m and a). As a
rule, the stomodaeum begins to develop a little earlier than the
proctodaeum in the Insecta (Fig. 145 C, m). To this rule, however,
the Muscidae form an exception, if the observations of VoELTZKOW
(No. 85) and GraBer (No. 28) as to the early appearance of the
proctodaeal invagination in these forms are confirmed.

About the time when the stomodaeal invagination appears, and
anterior to it in position, a forward swelling of the anterior edge
of the primary cephalic region is to be remarked. This is the
so-called procephalon (Fig. 146, »k), which represents the common
rudiment of the lalrum and the clypews. In many cases, this
rudiment first appears in the form of a small paired prominence
(Fig. 160, /, p. 326), which gives rise later, by fusion in the median
line, to an unpaired swelling which is still somewhat indented at
the middle. This is the case in the Coleoptera (Hydrophilus,
Kowargvsky, GraBer, No. 25, and Heiper; in Lina, GRABER,
No. 30; in Meloe, NuvsBavy, No. 63; in Acilius, PaTTEN, No. 67),
in the Lepidoptera (TicHoumirorr, No. 79, and GRABER, No. 30),
in Chalicodoma (Carrikreg, No, 13), and in other forme. The
rudiment is, on the contrary, originally single in Apis (GRasal,
No. 32), in Blatta (CHoropkowsky, No. 19), and in Mantis
(ViaLLaxgs, No. 84). The rise of the procephalon which, by many
authors, is called simply the labrum, from a paired rudiment has
repeatedly led to itx being compared with a pair of pre-oral appen-
dages, but the grounds for such a comparison are, as we think,
insutticient.  This view has heen adopted recently by Partrax
(No. 67), who described the procephalon simply as the first pair
of antennae, and also by CarriERe (No. 13). The labrum of
the Insecta seems to us to find its homologue in the structures
called by the same name in other Arthropoda (especially in the
Crustacea), to which the interpretation just mentioned would he
inapplicalhle.

It should be mentioned that, in the carly embryonic stages of many Insects,
a provisional lower lip, arising from a paired rudiment, is found just behind
the mouth.  This i~ not to be confounded with the permanent lower lip of
the Inseeta, which arises by the fusion of the sccond pair of maxillae. The
provisionai lower lip was first observed by Berscuur (No. 11) in .Apis, and
calicdd by him the inner antennae ; it was found later by TiIcHOMIROFF in the
Lepidoptera,  HEIDER deseribed it as the “lateral oral lips’ in Hydrophilus,
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E. Transition to the Definitive Form of Body.

The development of the definitive shape of the body is accomplished
through the circumcrescence of the whole of the nutritive yolk by
the germ-band. We have seen above (p. 272) that, in the later
stages of development, the germ-band as a rule lies in such a way
that its anterior end corresponds to the anterior pole of the egy,
and its posterior end to the posterior pole. As the germ-band grows
considerably in breadth, its lateral edges shift up dorsally over the
surface of the food-yolk (Figs. 150 A-F, 169, 170, 171, and 172),
In this way the lateral parts, and later the dorsal parts, of the larval
body are formed. Iy means of this circumcrescence, the food-yolk
comes to lie entirely within the embryo, and finally fills the lumen
of the archenteron (Fig. 150 F). The closing of the larval body
dorsally through the circumcrescence of the fuod-yolk by the germ-
band is so intimately connected with the degenecration of the
embryonic envelopes that we shall have to return to these processes
later on.

The dorsal parts of the embryo in the cephalic region develop
independently of the broadening of the germ-band described above.
The segments of this region, i.e, the maxillary, only take part to
a small extent in the development of the dorsal portion, the latter
being mainly formed by the bending over dorsally and the backward
extension of the cephalic lobes as well as of the procephalon. The
anterior end of the germ-band is therefore here bent over dorsally.
An actual dorsal flexure of the cephalic region develops, as was first
pointed out by Wersmaxy and later by Harscuek and Hriper (No.
38). During this flexure of the anterior end of the body, the part
of the procephalon lying near the mouth appears as a transverse
swelling (labrum). The former most anterior part of the procephalon
now becomes the clypeus and assumes a more backward position.
The cephalic lobes in this process of shifting pass towards the
dorsal side, and the antennal rudiments consequently shift in front
of or above the mouth.

5. Completion of the dorsal part of the Embryo and
degeneration of the Embryonic BEnvelopes.

In most of the Arthropuda that have so far come under review
(Crustacea, Arachnida, Myriopoda, ete.), development takes place
through the formation of a so-called germ-band, but without the
formation of actual embryonic envelopes. The surface of the whole
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from the great lengthening of the gastrula-invagination. We may
assume with RaBL* for the median invaginating plate a median
unpaired entoderm-band and paired mesoderm-bands. The entoderm-
band is, however, dragged apart to form an anterior and a posterior
portion by the great lengthening of the furrow (Fig. 154, en’, ¢n”),
8o that over the greater part of the germ-band the two lateral
mesoderm-bands meet one another in the median line.

The view just mentioned would receive important support from the statement
of BtrscHLI (No. 12) that, in the formation of the germ-layers at the posterior
end of the germ-band of Musca, the archenteron actually becomes divided up at
a certain stage through the formation of folds into three connected diverticula :
of these diverticula, the unpaired median one is to be regarded, just as in
Sagitta, as the entoderm-rudiment and the paired lateral ones as the mesoderm-
rudiment (coelomic sacs). Since, however, the more recent works on the
ontogeny of Musce do not confirm this statement, and the conditions described
may, as we shall see, perhaps be interpreted in another sense, we must leave
this point for the present undecided.

The statements made by KowALEVsKY (No. 490 with regard to the formation
of the germ-layers in Musea have Leen only partially contirmed by the later
researches of Voertzkow (No, 85) and Graper (No. 28) on the same animal.
According to VorrLTzKow, the stomodaeal and proctodaeal invaginations grow
inwards from the base of the
gastrula-furrow, and therefon-
belong, not to the ectoderm,
but to the lower layer. The
anterior and posterior entoderm-
rudimenta are said to arise by
the proliferation of cells from
the blind ends of these two
invaginations. GRABER . No.
2%, indeed, has confirmed

F10. 155.—Diagram illustrating the sepamtion of the kW LEVSKY's statements for
germ-layers in the most anterior regio!l of the the anterior entoderm - rudi-
germ-band of Hydrophilus, transverse section (after
Hemer) s, yolk-cells; o, ectoderm; cn, ento.  Ment, and also asmmes the
derin; ms, menodern, cetodermal origin for the stomo-

dacum. As to the proctodaeum.
on the contiary, and the posterior entoderm-rudiment, GRABER entirely agre
with VoeLtzkow, with the single exception that, for the growth of the pos.
terior entoderm-rudiment, he claims not ouly the Llind end, but a long land
of the ventral side of the proctodneum.  We may here ohject to this view of

VoeLTZKOW and GRABER that if, in reality, in the Muscidae, a posterior section

of the intestine arose by invagination fivmn the lower layer, we should not bhe

able to call it the proctodacum, for in that case we should not be able to reganl
it as homologous with the similavly-named section of the intestine of other

Insects, in which it forms, as in all other animals, from the ectoderm. It,

however, appears to us that the sectious of the posterior end of the germ-land

of the Muscidae, which are in any case -litlicult to understand, can be more

* Theorie des Meswderme,  Morph. Juhrb, 1889,
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7. TFurther development of the Mesoderm.
Development of the Body-cavity.

We have seen (p. 271) that an invagination running along
the whole length of the germ-band gives rice to a layer of cells,
which soon extends on the inner side of the germ-band and so forms
a second, lower layer (Fig. 158 C). From this layer, at the anterior
and posterior extremities of the germ-band, the entoderm becomes
separated and becomes closely applied to the stomodaeal and procto-
daeal invaginations which have meantime arisen. The remaining
and by far the largest part of the lower layer may, from this stage
onward, Le considered as mesoderm.

An arrangement of the latter into two lateral bands (mesoderm-
bands) now takes place, its cells withdrawing more and more from
the median line (Fig. 158). This withdrawal from the median
line is, however, not complete. Into the space between the two
mesoderm-bands the yolk often thrusts itself, giving rise to the so-
called median ridye. Segmental cavities (carities of the primitire
segments, us) now appear in the lateral parts of the mesoderm, and
the mesoderm-cells become arranged as an epithelium round these
cavities and form the wall of the primitive segments or coelom-sacs.

The cavities of the primitive segments arise, as a rule, by a splitting of the
mesoderm. Heiper (No. 38) thought that in the case of Hydrophilus he had
convinced himself that they arose merely Ly the widening of a slit, which was
already recognizable at an earlier stage between the two layers of the mespderm,
and which could be traced back to the lumen of the archenteron compressed
dorso-ventrally. GRABER {No. 30), however, in his more recent investigationa
on this point, was not able to satisty himself of the persistence of these slits.
On the other hand, HEIDER’S view has Leeu confirmed by Caruikre {No. 13)
in the case of Chalicodoma. These oliservations atford support to the view first
adopterd by O. and R. HErTwiG that the cavities of the primitive segments
in the Insecta represent paired diverticula of the archenteron.

The large primitive segments of Phullodromin arise in a different manner
from those of Hydrophilus. The mesoderm of the germ-band is here at first
only a single layer of cells.  This simple layer, as the limb-rudiments develop,
separutes with the cctoderm from the surface of the food-yolk, and cavities thus
arise in every segment, these cavitics, surrounded by mesoderm-elements,
becoming the closed coelomic sacs - HEYMoNs, No. 48).

The parts of the mesoderm lying laterally in the germ-band are used in the
formation of the primitive segments -Fig. 158 D aud E). Not all the meso-
dermal clements, however, enter into their formation. Some of the mesoderm-
cells which lic nearer the median line always remain distinet (¢f. Fig. 157 A, wm).
The greater the size of the primitive segments, the smaller is this remainder.
and viee recsd. These elements are irregularly arranged and represent a kind
of mesenchye.

It was pointed out by HEIDER (No. 3%}, and recently by GRABER (No. 30,
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must be considered as the rudiment of the refina (r). From its
cuticular margin are derived the optic rods. Certain peculiarities
characteristic of the eye of Aciliuz now develop. The chief of
these is a slit traversing the retina perpendicularly (sp), which is
bordered by the horizontally-placed rods of the large retinal cells
(x) which lie next to it. In the further course of development
(Fig. 163) a flattening of the cup-like cavity occurs, owing to the
growth of the cells forming the base of the optic cup, and the rods
belonging to these cells
consequently assume a
more vertical position. The
retinal cells at the edge of
the cup, on the contrary,
curve inward and form an
inverted marginal layer (m)
with its rods directed
towards the base of the
retinal cup ; these cells may
P et il e o (et e regandod as the rudiment

Text-bnk). ¢, chitinous cuticle; 1, corneal lens; of a third layer intercalated

A, hypodermnis; p:, pigment-cells; gk, vitreous . Oy
body ; r, retina; b, basal membrane. ' hetween the two prmclpal
layers of the eye.

The above would justify us in deriving the bilaminar Insectan eye from a
three-layered eye by the atrophy or incomplete development of the middle
layer. The originul presence of three layers in the ocellus is, according to
PatreN (No. 66), still more distinetly recognisable in the eye of the youngest
larvae of Hydrophilus (Fig. 164), in which the optic invagination presses into
the optic rudiment not from the middle, but from the edge and from the dorsal
side (Fig. 164 .1). Even in later stages a vestige of the middle cell-layer (Fig.
164 B, m) is retained. According to GRENACHER's observations (No. 151), the
ocelli of certain Inusects appear to remain throughout life in a much more
primitive condition than would be expected from PATTEN'S staterents, the
optic vesicle in them never closing completely, and the layers of retinal cells
and of cells forming the lens remaining in direct continuity with the hypo-
dermis (e.g., Fig, 165).

The statements of PATTEN do not agree with those of CARRIERR (No. 14).
If we rightly understand the latter autlior, in the development of the ocelli of
pupae of Chrysididac and Jehacumonidur, the separation of the retinal layer
from the lentigen layer takes place by delamination, while the optic invagination
which forms later develops acconling to the type of the cup-eye, and at the
same time stands in a certain relation to the development of the corneal lens.

The larvae of the holometabolic Insecta are, as a rule, devoid
of compound lateral eyes (facet-eyex). These develop only in the
gradual transition to the imaginal stage. The larvae, on the contrary,
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During the degeneration which takes place through the lateral
circumcrescence of the yolk by the germ-band (Figs. 171, 172),
the paired rudiment of the "heart shifts more and more towards the
dorsal median line, and the genital rudiment connected with it by
means of the terminal filament follows it. This rudiment thus
comes to lie on the dorsal side of the developing enteron (Fig.
172, g2).

The terminal filament (ef) originally represents a simple longi-
tudinally-placed epithelial plate. A rearrangement of its cells soun,
however, takes place, these becoming arranged in vertical rows, each
of which corresponds to a developing ovarian tube. In this way
the original plate-like terminal filament is broken up into the separate
terminal threads of the ovarian tubes (Fig. 173, ef). 1n this process,
however, the uppermost dorsal margin of the plate-like terminal
filament does not participate, but persists as an undivided filament
in the adult, where it is prolonged anteriorly and connects the
different ovarian tubes; this is the so-called Miiller's threal. ‘The
latter is originally connected with the pericardial septum, but at a
later stage it appears to lose this connection.

As the separate ovarian tubes, which in Phyllodromia number
about twenty, develup, they bend continuously inward from the
dorsal towards the ventral side of the ovarian rudiment (Fig. 173).
At the same time the epithelial cells (ep), some of which originally
lay between the genital cells, become arranged so as to form an
epithelium covering the surface of the ovarian tubes, this epithelium
further secretes on its outer surface a structureless cuticular funiea
propria.  The outer peritoneal envelope of the ovaries is formed
from the cells of the surrounding fat-body.

The genital rudiment originally, as we have mentioned, extended
from the second into the seventh aldominal segment. In the latter,
however, the genital cells are from the first few in number and
completely disappear later, =0 that the genital strand here seems
composed solely of epithelial cells.  This part is the rudiment of the
oviduet proper, and forms a direct continuation of the cell-strand
(cz) mentioned above as lying ventrally to the genital cells, out of
which, as we have seen, the proximal, cup-shaped portion of the
oviduet is formed.  The posterior section of the oviduet bends round
towards the ventral side, and becomes connected with the hypodermis
at the boundary between the seventh and ecighth alxlominal segments.
The mudiment of the oviduct is originally a solid strand, in which a
lumen forms later through the shifting apart of the cells.
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condition in Peripatus and the Myriopoda as the more primitive,
following directly on that of the Annelida, while the condition of
the Insecta is, on the contrary, modified.

If we are to homologise the efferent genital ducts of the Insecta
with those of Peripatus, we should have to trace them back to a
pair of transformed mephridia. Their origin from the mesoderm in
the Insccta would be in harmony with this; but, in other respects,
we find no features retained in the development of the efferent
genital ducts in the Insecta which can be considered as supporting
such a view.

Mention should be made of HEYMONs' oliservations that, in the genital
rudiment of Phyllodromia, the genital cells can from the first be distinguished
from the epithelial cells. This statement is not favourable to the view, until
now universally held, that the follicle-cells and egg-cells are derived from one
and the same sort of cell by later differentiation. Regarding their first origin,
however, in Phyllodromia also, the two kinds of cells are to be traced to the
same source.

Special attention should be called to the fact that, in the Diptera
and Aphidae, the genital rudiments can be recognised in a very
early stage of embryonic life. This is certainly to some degree
connected with the parthenogenetic and paedogenetic manner of
reproduction, which is common in these two groups, and which
(as in Moina, Vol. ii.,, pp. 123 and 180) leads to an early separation
of the sexual rudiments.

In the Diptera, the first rudiment of the genital glands is repre-
sented by the “polecells.” These cells (the “globules polaires ” of
Roniy, also described by WEmsMaNN in Chironomus and Musca),*
which become separated at the posterior pole of the eug even befure
the formation of the blastoderm, were discovered by LEUckarT and
Merscunikorr (No. 53) in the asexually developing egg of the
viviparous larva of Ceridomyia (Fig. 174, pz). A rather large, highly
granular cell (pz) here becomes severed from the posterior pole of
the egy (Fig. 174 D) even before the blastoderm forms, and soon
breaks up, first into two and then into four ¢ pole-cells” (Fig.
174 F). When the blastoderm iz completely formed, these *pole-

* [It would be safer to discard Rorix's term “globules polaires™ for these
cells, <ince that term was also applied by him and is still applied to the polar
badies or directive corpuscles, which latter, in all probability, have-nothiog
whatever to do with the “ pole-cells” of Chironmmus, ete., which are simply the
prevoviously separated germ-cells.  This pwint, however, requires renewed
mvestigation, and search should be mide for the probable occurrence of true
polar badies and for the relationship of the “wde-cells” to the cleavage-nuclei.
--Eun.)
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BaLsiani. The posterior terminal filament is the rudiment of the
paired efferent ducts of the genital gland. The division of the
inner cells of the ovarian rudiment gives rise to rosette-like groupe
of cells, each of which corresponds to an ovarian tube. RICHTERS
more recent accounts (No. 71) agree with the above statements of
BaLB1ANL

In the Aphidae, just as in the Diptera, the first rudiment of the
genital organs becomes distinct at a very early stage. Even in those
early stages in which the first rudiment of the amniotic cavity forms
by invagination at the posterior pole (p. 279), and before the
formation of the lower layer, a cell-group (the genital rudiment)
severs itself from the wall of this invagination, and, as a paired
rounded mass, comes to
lie in the inside of the
embryo. This cell-group,
according to BaLBIANI
and WiTLAczZIL, is de-
rived by division from
a single cell. It becomex
horseshoe - shaped, and
i breaks up into a number

A of rounded cell-accumu-
lations, which become

i V4

¢ arranged in equal num-

bers on each side of the

median plane of the body

e /°  and represent the rudi-

P10, 175.—Three longitudinal sections through Chir ments of the terminal

embryos (after RITrew). In 4, the “pole-cells” (;z) chambers of the ovarian
I sl e Sevswng st 1o 1 498 tubes. These coll-masses
In ¢, they lie within the embryo. b, peripheral proto-  are enveloped in an
a1, Mo 1 fouk ok &, sl of he o) iphlial cover which,
anteriorly, passes into
the terminal filaments and, posteriorly, into the efferent ducts. The
origin of this epithelial covering is doubtful. The efferent ducts of
the different ovarian tubes fuse on each side to form a common
oviduet, and this is continued into an unpaired ectodermal invagi-
nation lying beneath the proctodaeum; this invagination gives
rise to the accessory genital organs (MEeTSCENIROFF, WiTLACZIL,
WiLL).
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II. Metamorphosis.
1. The Larval Forms.*

The Thysanura and the Collembola emerge from the egg in a form
resembling that of the adult, so that there can here be no question
as to the occurrence of a metamorphosis; they may consequently be
described as true Ametabola (Insects without metamorphosis).

All other Insects, on the contrary, pass through a true metamor-
phosis. When they leave the egg they are distinguished from the
adult not only by their smaller size, but also by the absence of the
wings. Many Insect larvae differ further from the adult (éimago) in
a number of ways.

If we compare the young forms (larvae) of Insects when hatched
with those of many Crustacea which leave the egg as Nauplii, we
find a marked distinction between them. In the Insects, the typical
number of segments is developed in the embryo; the limbs also,
and the rudiments of the most important organs are already present.
Only the wings are wanting. In other respects, the young emerging
from the egg has the characteristics of a well-formed Insect. There
is no doubt that the Thysanura, and among these the Campodea
especially (Fig. 193), stand very near the fundamental form of
this wingless larva. We have in the Thysanura undoubtedly the
most primitive living - representatives of the class of the Insecta.

Jut we must not lose sight of the fact that, even amongst these
forms, many systems of organs (e.g., the tracheal system) have
undergone reduction, possibly on account of the small size of the
body.

.The orders of the Insecta may be grouped in two divisions,
according to the manner of their metamorphosis. To one of these
groups belong those orders which we are accustomed to regard as
the more primitive on account of their organisation; among these
we find some with an invaginated germ-band, thus suggesting a
connection with the Myriopoda. The larva here passes gradually,
by a series of stages each marked by an ecdysis, into the imaginal
form. During these stages the rudiments of the wings grow out,
increasing in size gradually. Metamorphosis thus here takes the
form of onward growth within the limits of the segmentation and
rudimentary organisation already present. Such development is
distinguished as incomplete metamorphosis, and the Insects belonging
to this type are known as the Homomorpha.

® In the following account we have chiefly followed Lunnock (No. 156) and
BRrAUER (No. 146).
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The metamorphosis of the second group, to which the higher
orders of the Insecta belong, is more complicated. The larva here
leaves the egg in a condition which often differs considerably from
that of the imago, not only in form, but also in manner of life.
This larval stage, which is characterised by the large amount of
nutrition taken, and repeated moults, attains a considerable size, and
finally changes into a resting or pupal stage. The faculty of loco-
motion is now suppressed; the pupa hardly moves and takes no
nourishment ; all the animal processes step into the background,
while the vegetative processes bring about the further (chiefly
internal) changes in the body. The larval stage is thus followed
by one which in many respects resembles the embryonic stages;
the pupal stage might be defined as a recurrence of embryonic
development. A certain distinction between the two is, however,
evident to the careful observer. In the embryonic stages, the organs
develop chiefly from uniform rudiments, whereas they are here often
built up by the concrescence of a number of disconnected formative
centres, the so-called imaginal discs. These imaginal discs must
be regarded as persistent embryonic structures which have lasted
throughout larval life in a latent condition, and in which the
regenerative capacity of the embryonic rudiment has been retained.
Those organs, on the contrary, which functioned in the larva undergo
disintegration (p. 368).

The pupal stage gives place, after another moult, to the stage of
sexual maturity, the winged imago-stage, during which there is no
further growth of the body.

The Insects that develop according to this type are known as the
Heteromorpha, and their metamorphosis is a complete metamorphosis,
i.e., they belong to the Metabola or Holo-metabola.

A. Homomorpha.

The post-embryonic development of the Insects belonging to this
type is in most cases a true metamorphosis, in so far as the young
animal that emerges from the egg, although similar in other respects,
is distinguished from the adult by the absence of wings (and of
thosze abdominal appendages which are transfurmed into the external
genital organs). In some cases also, alteration in the manner of
life may be accompanied by changes in the form of the extremities
(Cicada). The transformation into the perfect Insect is gradual.
The lust larval stage, with the rudiments of the wings already
developed, is known as the nymph or pupa. In the Pediculina
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2. Hemimetabola. The young stage differs from the imago, not
only in the absence of wings, but also in the presence of provisional
(larval) organs.

The larvae live in water and differ from the imago in the condition
of their respiratory organs, the former possessing tracheal gills, either
external or internal (intestinal respiration) in position.

To this group belong the Ephemeri-
dae, the Odonata, and the Plecoptera.

The Ephemeridac represent a very primitive
group. In them aloue have the paired etferent
ducts of the genital organs been retained in
their original form. The larvae (Fig. 177)
live in water, and leave the cgg in a Campodei-
form stage.® In the later stages, they are
distinguished by the possession of external
tracheal gills (X), which may be leaf-shaped
or tufted, etc., and are usually attached
to the postero-external margin of the tergs
of the seven anterior abdominal segments.
Within these integumental outgrowths,
richly-branched tracheal trunks extend, and
here the exchange of gases with the sur-
rounding medium takes place. In keeping
with the aquatic manner of life, the stig-
mata are closed, and the stigmatic tracheae
found in the meso- and mecta-thorax and
in the eight anterior albdominal segments
are merely thin strands quite devoid of air
(closed tracheal system).  Only at the moment
of hatching do the stigmatic tracheae and the
stigmata open, so as to allow of the passage of
the tracheal intima which is shed with the
body-cuticle (PALMEN, No. 161). The num-
Fio. 177 —Ephemeri . .~ ber of moults which mark the succesive

. 177 —Ephenierid larva, &, tra- .

cheal gills; ¢, principal trunks of  ftages through which the larva gradually

the tracheal system. approaches the imaginal form is very cou-

siderable (in Chloé over twenty, LUBRuCK).
The last moult but one :i.c., the last larval or nymph-stage) in which imperfect

* [There are two tvpes of Insect larvae: the Campodeiform, so-called from its
resemblance to the Thysanuran Compuniva, and the eruciform.  In the first we
tind the three typical regions of the hody elearly defined, biting mouth-parts,
ambaulatory thoracie limbs, and sometimes terminal aldominal appendages.
This larva i~ characteristic of the Ametabola and the Hemimetabola. In the
second type the head is usually well-detined, but the body-segments are simple
and evlindrical, and the aninial has a vermiform aspect, the mouth-parts are
usually adapted for biting, but may be much reduced, the thoracic limls are
usually present together with functional aldominal appendages, the “ proleo.™
The erucifori larva is very generatly found among the Heteromorpha : it attains
its most characteristic development in the Lepidoptera, while i the Diptera
it is much modified and degenerate, being &pudu,].— D. ]
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The last stage of larval life is always the pupal stase, which,
in the form of the body, the development of the limbe, and the
structure of the mouth-parts, resembles the imago. In this stage
the Insects cease to take nourishment, and also, as a rule, the capacity
of locomotion is lost (quiescent or resting pupa). The pupa is often
enclosed in a cocoon spun by the larva. If the limbs of the pupa
stand out freely from the surface of the body it is known as free-
limbed (pupa libera, the exarate, incomplete, or sculptured pupa).
In other cases the limbs which, in the resting pupa, are held closely
pressed against
the ventral side,
become free imme-
diately after the
casting of the
larval integument,
but soon become
glued to the sur-
face of the hody
by the hardening
of a tough secre-
tion, so that their
outlines are lexs
distinct (Lepidop-
tera and many
Diptera). Such
forms are known
a8 mummy pupae

. 178.—A, Perlid larva, lateral aspect (obtected, larcate,

fter GRABER). K, yill-tufts: «, stig-  op :u'gua!e pupa

ata. B, larvaof Prile bicaudata (after . ’

"ESTWOOD), chrysaliz). Among

the Diptera it

often happens that the pupa remains surrounded by the last larval
integument (harrel-like pupa, pupa coarctata).

The number of moults undergone by an insect with complete

metamorphosia iz limited, and never attains that found among the

Homomorpha (Ephemeriday).

4

Neuroptera. The lurvae of the Sivlida., which in appearance resemble many
Coleopteran larvae, have mouth-parts adapted for biting, like those of the
imago.  The larvae of the Megaloptera, on the contrary, have their mouth-parts
singularly transformed for sucking the juices of their prey ; the mandibles have
a furrow on the lower side, and, with the maxillae, form on each side a sucking
tuve.  lome of these larvae are clongate and recall the Coleopteran larvae
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second stage (Fig. 180 D), and then the actual pupa (Fig. 180 E), which changes
into the imago. The freely moving as well as the resting stages are thus here
multiplied.

Hymenoptera. The larvae of the Hymenoptera belong to various types.
The larvae of the Trnthredinidae, which feed upon leaves, in appearance and
colouring resemble the Lepidopteran larvae, and are therefore called false
caterpillars (Fig. 181). They are distinguished from true caterpillars by the
possession of a single ocellus on each side of the head, and by the unusually
large number of abdominal limbs, the anterior pair bLelonging to the second,
and not, as in the true caterpillars, to the third abdominal segment. There
are generally six to eight pairs of abdominal appendages. An exception is
afforded by the genus Lyda, in which, besides the thoracic limbs, there is only
a pair of jointed appendages (cerci) at the posterior end of the body. These
false caterpillars resemble the larvae of the Uroceridae, which bore into wood,
but the latter are distinguished by the ahscence of eyes and of abdominal limbm.
Most of the other Hymenoptera have degenerate larval forms in consequence
of their peculiar and often parasitic or semi-parasitic manner of life. Whether
the larva develops in vegetable outgrowths (galls), like many Cunipidas, or
parasitically in other Insect larvae, like some Cynipidue, the Pteromalidue,
Ichncumonidae, cte., or whether it finds nutritive material in the cells con-
structed and stored with food by the parent, or is fed during growth ;Fossoria,
Vispidae, Apidae, Formicidae) the
passivity connected with its manuer
of life always brings about a reduc-
tion of the limbs and of the mouth-
parts, and an approximation to the
general appearance of the maggot.
Fia, 181.—Eruciform larva of & Tenthridinid  In the larvae of Bees and Wasps, the

(Trichinsoma lncorum, after WesTWOOD). enteron  remains  closed pmterinrly,

and does not communicate with the
proctodaeum which receives the Malpighian vessels. The pupal stage is
generally passed through within a spun cocoon.  The pupa is free-limbed, and
resembles the imago in structure, since, when the larva passes into the pupa.
the limb-rudiments arve only gradually protruded from the imaginal dise
(pp- 271-374), the pupal stage is preceded by a form showing the limbs only
half protruded (DEwITz, No. 102), and it is this form that is known as the
semi-pupa, sub-nymph, or pro-nymph.

The eggs of the Jehnewmonidae, Braconidar, and Pteromalidue develop in the
egps or larvae of other Insects, The larvae of the Jehncwmonidas are, as a rule,
maggot-like.  They may, however, possess at the posterior end of the Lody
caudal appendages (L{nomalon) or caudal vesicles (Microgaster), which are lost
on entering the pupal stage. The Pleromalidar, on the contrary, undergo a
very remarkable metamorphosis.  The ontogeny of these forms which has lwen
deseribed by Finierr, METSCHNIKOFF, GANIN, AYERs, and LEMOINE, i8 char-
acterised by the absence of nutritive yolk from the egg, by the absence or
imperfect development of the embryonic envelopes, by the early hatching
of the larva, and by the strange shapes of the larval forms.  We are still very
much in the dark as to the first stages of development.  In Platygaster, a
continuous process of division gives rise to numerous cells, some of which soon
become arranged to form a superficial layer which surrounds the embryo in the
form of an envelope (corresponding to the serosa).  The other cells forn the
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lie as rudiments in a ventrally placed germ-band, and only attain development
in the next stage. Into this latter the Cyclops-stage passes through a moult,
and the larva is now an oval limbless body without segments (Fig. 182, 2¢).
The nervous system, the salivary glands, and the proctodaeum now form as
ectodermal invaginations, and the groups of muscles, by the arrangement of
which the segmentation is recognisable, gradually develop. The last (thind)
larval stage, which follows the preceding after a moult, has the form of s
segmented maggot devoid of limbs (27).

The larval formis in other related genera scem to vary greatly. In Telcas
there is also a Cyclops-stage, but it is preceded by a spindle-shaped larva which
is more equally segmented and has small stump-like mouth-parts, while still
devoid of grasping hooks (AYERrs). Development here begins with the formation
of a coeloblastula (METSCHNIKOFF, AYEEs), in the inner cavity of which a
lower layer forms by the immigration of cells. The rise of a median groove
marks the bilateral symmetry of the embryo and an anterior thickening dis-
tinguishes the cephalic end.

All these larval forms of the Pteromalidac must bLe regarded as highly
specialised, but we are not in a position to determine in individual cases the
ontogenetic significance of the development of these remarkable forms. ®

The larval forms of the Insecta are very varied. A comparative
review of them shows most clearly that the manner of life of the
larva is the chief factor in determining its outward appearance.
We thus have, in the phytophagous larvae that feed on leaves, the
eruciform type or polypod caterpillar, in the forms that bore into
wood, a similar type with powerful mouth-parts and strong cephalic
capsule, but with degenerate limbs; where the life of the larva is
more or less parasitic, the form is that of a maggot, etc. In other
groups (Orthoptera genuina), the larvae of which agree in their
manner of life with the adult, the outward appearance of the
imagines is to a large extent already found in the larval forms.
It is evident from these comsiderations that the metamorphosis of
the Insecta can only to a limited extent be utilised for phylogenetic
purposes,

Above all, we must bear in mind that the larva which comes from
the egg already shows the typical segmentation of the body, and that,
therefore, in no single case are the ancestral forms which preceded
the oldest Insect forms reproduced in the larvae. All that we can
learn from the larvae of the Insecta is of value merely within the
limits of this class.

* [Krraciy (No. XXVIIL ) has recently reinvestigated the development of 7/-
tygaster with special regard to the origin of the germ-layers; there is no yolk, and
the total cleavage which occurs is regarded Ly this author as a modification of
superticial cleavage. HENNEGUY (No. XIL, similarly finds total cleavage and
one cmbryonice envelope in the nearly allied haleididae. A curious condition
is found by MarcHAL (No. XXXIIL) in Encyrtus fuscicollis, a form closely related
to Platygaster ; here the ovum gives rise, not to one egg, but to a legion of
small morulae, which form chains of 50-100.—Eb,)
























374 INSECTA.

the body, the peripodal cavity appears closed and the peripodal
membrane is connected with the hypodermis merely by a delicate
thread-like stalk (Fig. 184 A4, 1s; Fig. 185 A, sf). These connective
stalks, which were recognised by Dewitz* (No. 102), who correctly
grasped their significance, have a fine lumen, as was shown by Vax
Rees (No. 121), who has recently studied these structures more
closely. Although the first
A developmentof the imaginal
dises in the embryo of the
Muscidae is still unknown,
we shall not err in tracing
them back, like those of
Corethra, to hypodermal
invaginations. ©We must
then regard the stalk-like
connection as the long
drawn out neck of this
invagination.
In other respects the
development of the ex-
tremities (Fig. 184) takes

Fia. 184, —Diagrammatic trapsverse section through
the larva aud pups of Mwecw, to illustrate the
development of the wings, the leg~, and the imaginal
hypodermis (fruom  Lasu's Tert-ak), b, lmb-
rudiments; #, wing-radiments ; iAy, hnaginal hypo-
dermis, in D extendlog from the base of the
fmaginal dises; iid, imaginal discs of the wings;
i, imaginal discs of the legs; is, strand connecting
the ruditnent with the hypodermis; /4, chitinous
integument of the larva: /Ay, larval hypodermin
(indicated by two thin parallel outlines, while the
fniaginal hypoderius is reprevented by thick black
hues).

just the same course as in
Corethra. The rudiments
of the legs increase in size
and early show traces of
the later segmentation.
They appear packed inte
the peripodal cavity in
such a way that the differ-
ent joints of the limbs
telescope into each other

“like the rings of a traveller’s drinking cup” (a8 Vax Rres
appropriately expressex it). The evagination of the developed
limb-rudiments, which occurs on the first day after the commence-
ment of the pupal condition, takes place by the shortening of the
stalk of the imaginal di~c (Figs. 184 /3, and 185 1) and the widen-
ing of its lumen, which allows the extremity, as in Corethra, to
emerge finally throngh the widening aperture of the peripodal
invagination (Figs. 184 C, and 186 ). While the latter at the
same time gradually disappears, the peripodial membrane is utilised

* KiNcker v'HerevLas (No. 113) also recognised these strands,
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The development of the cephalic region in the Muscidae is more
complicated, and still, in spite of the descriptions of WEeIsMaNN
(No. 129), Vax Rees (No. 121), and Kowarevsky (No. 112), difficult
to understand. In this connection we must recall the fact that the
cephalic region, in the larva of the Muscidae, occurs in an extremely
reduced condition, the head-region being represented only by the
most anterior and smallest of the twelve segments of which the
body of the conical larva is composed. Its small size is partly to be
ascribed to the fact that a considerable portion of the head is here
present in an invaginated condition. For, as has been shown by the
researches of WEISMANN, the anterior part of the head, the mandibles,
and the whole of the region surrounding the mouth are invaginated
in the last embryonic stages, and in the fully-formed maggot are
represented by that depression (Fig. 183, p) in which the hook-
apparatus, characteristic of the larvae of the Muscidae, develops.
This invaginated part of the head into the base of which the
oesophagus now opens, has been named, not very happily, the
oesuphageal bulb or phurynx, and it must for the present be held
that the cavity thus named does not belong to the alimentary canal.
It is an invaginated section of the head, and the formation of the
imaginal head consists for the greater part merely in the evagination
of this region.

The first rudiments of the most important parts of the head (the
eyes, the antennae, and the frontal region) are found in the youngest
larvae as a pair of cell-masses lying in the thorax, closely applied to
the halves of the brain (and therefore called by WEIsMANN Jrain-
appendagex).  These are, probably from their first origin, connected
anteriorly with the pharynx, and might be described as the imaginal
discs of the head. In the later stages these assume the form of a
pair of long sacs expanding posteriorly (Fig. 185 A and B, k), and
may no doubt, according to their origin, be regarded as outgrowths
of the larval pharynx (see above). FEpithelial thickenings soon
appear in the walls of these sac-like * brain-appendages,” and in
these can be recognised the rudiments of definite parts of the head.
A disc-like thickening appears in the posterior widened portion of
each of the appendages, this represents the rudiment of the com-
pound eye, and is consequently called the optic dise (ax). On the
basal surface of the optic disc there is a cellular expansion connected
with the supra-oesophageal ganglion by a nerve. This nerve becomes
the optic nerve of the adult, while the optic ganglion becomes more
distinctly separated from the brain. In the anterior, more cylindrical
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more than the external surface of the permanent head, and the most
important parts of the latter (antconae, eyes, rudiments of the
proboscis) can already be recognised on them. It only remains for
the cephalic vesicle to be evaginated through the aperture of the
pharynx (+ to +), so as to produce the completed head of the
pupa. By this evagination of the parts formerly invaginated, that
which was before the aperture of the pharynx becomes the neck-
region (Fig. 186 B, + to +), which now connects the head with
the thorax (VAN Rzgs). The protrusion of the *cephalic vesicle,”
which was directly observed by WEISMANN, seems to be caused by
the increase of pressure from within, brought about by the con-
traction of the posterior parts of the body. In accordance with the
conformation of the imaginal head thus produced, the anterior end
of the oesophagus becomes ventrally flexed.

We have pointed out above that the so-called pharynx is nothing more
than an invaginated portion of the exterual surface of the larval head. The
“brain-appendages” must be regarded as diverticula of this invagination, in
which the separate parts of the head appear as rudiments in an invaginated
condition. They may thus be compared throughout with the rudiments of the
thoracic limbs. All these “imaginal discs,” according to their origin, have
to be derived from invaginated portions of the cxternal surface of the Lody.
It is difficult to reconcile with this hypothesis the accounts of Grasxr (No.
28), who in a later embryonic stage of Calliphort (Musea of mosat authors)
observed the rudiments of the imaginal discs lying as simple epithelial plates
in the interior of the Lody. Since Granek left uninvestigated the preceding
and the subsequent ontogenetic stages, we can only record his statement, and
must leave the problem to be solved Ly future researches.

B. Development of the Internal Organs of the Imago.

It has already been mentioned that most of the organs of the
larvae of the Muscidae (and of most Diptera, Lepidoptera, Coleoptera,

A and Hymenoptera) undergo
disintegration through the
e ki action of the blood-corpuscles
(leucocytes), and that their
3 reconstruction proceeds from

certain embryonic cell-groups,
the imaginal discs. Disin-
(R tegration and reconstruction
take place during the pupal

Fii, 15.—Diagram [llustrating the formation f  FLAge €0 gradually that in

the iuaginal hypodernis in the abdomen of the  many cases the continuity
Mus-idee (Irom LaNG's Text-bewk), ki, imaginal . .
tHi~cs of the hypodermiis ; th, larval hypodermis.  ©f the organ is not disturbed
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Fii. 189, —Larval digestive tract of one of the
Muscidae with the imaginal discs depicted (after
KowaLEVEKY). [«I, caecal tubes of the chylific
stomach ; (A, chylitic stumach ; J, fat-cells at
the apex of the salivary glands ; A, proctodaeal
imayinal fring; At, proctodseum; fe, imaginal
cells of the mbl-gut epithelium ; im, imaginal
cells of the muscles of the mid-gut; {ms, pos-
tenor atdluminal imaginal disc; is, imaginal
rings of the salivary glands; ma, Malpighian
vessel ; g, proventriculus; s, sucking stomach ;
sy, salivary zlands; v, stomodacal imaginal
ring.

INSECTA,

VAN Rees and Kowarevsky
are in entire agreement with regard
to the details of the disintegration
of the larval muscles by phagocytes,
which had already been the subject
of conjecture to METSCHNIKOFF
and GANIN., According to VaN
REErs, not all the muscles of the
larva undergo such disintegration.
Certain dorsal groups of the ex-
ternal oblique muscle of the second
thoracic segment are retained and
pass over into the wing-muscles of
the adult after radical internal
modifications consisting of an in-
crease in the number of the nuclei
and a rearrangement of the muscle-
substance. This manner of tran-
sition from larval to imaginal
musculature appears very remark-
able, but the descriptions of Vax
ReEs leave hardly any doubt as to
the accuracy of these observations. ®

As a rule, the formation
of the imaginal muscle-groups
takes place from the permanent
meswlerm, which is derived
from that of the imaginal
dizes (Fig. 188 C, m). We
have already stated (pp. 375-
381) all that is as yet
known as to the origin of
the former.

Intestinal Canal
The disintegration of the
larval intestine and the de-
velopment of the permanent

* [According to recent investiya-
tions by Kawawaiew(No. XXIV.),
phagocytosis plays a very unim-
portant role in the metamorphosis
of Lasius, this being especially
noticeable in the disintegration of
the lurval muccles: the phagoeytes
here do not cause the hiquefaction
of the fibres, but are only concerned
in the almorption of the lguid
mass,—En.]
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a layer of small cells (f), perhaps derived from the imaginal discs,
as well as by a gelatinous envelope, forms the so-called yellow
body which, until its disintegration, remains lying in the pupal
intestine. The larval muscular coat (/m)
remains intact so long as the imaginal
mid-gut is not completely developed,
but is afterwards attacked by phagocytes
and destroyed. The permanent muscular
n layer develops from single cells lying on
the outer surface of the imaginal discs
(Figs. 189, im and 190, m), which must
be described as special imaginal cells of
/*  the intestinal muscles.

The metamorphosis of the fore-gut is
commenced by the degeneration of the
proventriculus and of the sucking stomach.
The proventriculus or gizzard (Fig. 191,
pr), which seems to be formed by a
process of infolding or intussusception of
the fore-gut, degenerates through the
flattening out of this fold. The sucking

Fie. 191.—Lobgitudinal section  Stumach also  degenerates in a similar
throogh the larval proveutri-  yeyyv  retreating more and more into the
culus of one of the Museidie .

(after Kowarrvuxy), im, oOesophagus, so that, in place of the

stomodural fmaginal rivi: v, gpjginal diverticulum, there now only
ocsophagus;  pn,  proventri-

cnlus. remains a widening of the lumen of the

oesophagus, At the same time, this part

of the gut is attacked and disintegrated by phagocytes, while the

disorganised parts are replaced by the gradually extending imaginal

portions of the wall.  The imaginal ring of the fore-gut (Fig. 191,

i), which, according to KowaLevsky, undertakes the formation of

a great part of the permanent oesophagus, closes posteriorly, so that

the communication with the mid-gut seems to be interrupted.
The transformation of the hind-gut takes place in a similar
manner. Here also the imaginal ring extends so as to form a tube
which, growing round the opening of the Malpighian vessels, closes
towards the mid-gut, while posteriorly it is connected with the
disintegrating proctodacum. In a similar way, the territory of
the proctodacum is circumseribed by an imaginal tube growing
from behind, formed by one of the imaginal dises found in the
neighbourhived of the anal aperture, till finally, when the whole of
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The Nervous System.

The central parts of the nervous system pass directly over from
the larva to the imago, although they undergo considerable modifica-
tions of form and position. At the same time certain histological
changes, known as hisfolysiz, are said by WEISMANN to take place in
them, e.g., a disintegration and reconstruction of the tissues within
the organs without disturbing their continuity. Recently, however,
the term hystolysis has been applied to the disintegration of the
tissues of the pupa generally.

‘We bave as yet little light on the question of the transformation
of the peripheral nervous system. Although it must be considered
probable that the destruction of the larval muscles is accompanied
to some extent by a degeneration of the motor nerves, this is not
the case with the nerves that run to the extremities. These can
be recognised in the larva in the form of nerve-strands connect-
ing the imaginal discs with the central nervous system. These
strands, according to VAN REgs, pass over from the larva to the
pupa and imago, so that, when the limb-rudiments develop further,
only the distal parts of the nerves helonging to them appear as new
formations.

The Fat-body.

The fat-body of the larva also is destroyed through the action
of the phagocytes in the way described in connection with other
tissues. Its reconstruction appears to proceed from the mesoderm
of the imaginal discs. It is possible also that the accumulativns
of embryonic cells, assumed by Scuirrer to be formative centres,
have to do with the regeneration of the fat-body. In any case it is
to be derived from mesodermal tissue. Even though WiELOwIEINKY
observed the origin of the fat-body in Corethra from a cell-layer
lying beneath the hypodermis of the larva, such an observation does
not necessarily support the view of ScHiFrEr, who thought he had
convinced himself that, in Musca, the fat-body of the larva is
derived partly from the hypodermis and partly from the tracheal
matrix, and thus from ectodermal tissue.

The ultimate fate of the Phagocytes.

We have seen that the development of the imaginal organs, in
cases where these are not taken over direct into the pupa, always
proceeded from the imaginal discs. The phagocytes, the number
of which increases greatly in the pupa, do not (as was formerly
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eggs laid by the sexupara here give rise to the wingless sexual generation devoid
of proboscis and intestinal canal, which lays the winter-eggs. In Phylloxera
vastutrix, the young animals that develop out of the winter-eggs laid leneath
the bark of the trunk wander to the root, there to give origin partheno-
genetically to several generations of wingless Phylloxera, which cause the
swellings on the root. The series of these generations closes by the production
of winged sexupara, which wander up the trunk and swarm. These forns also
are parthenogenetic. Their eggs, which vary in size according to the sex of
the developing embryo, vield sexual animals devoid of probosciy, intestine,
and wings, which produce the winter-eggs. Parallel series are introduced
into this cycle of generations also, e.g., the wingless Tetrancura, living on
leaves which run parallel with the generations of Rhizobia. In the cycle of
generations of the genus Chermes recently investigated by BLocHMANN (Nos.
134 and 135), Deevrvss (No. 187), and CHOLODKOVSKY, similar conditions
are found, but these are in some respects still very ohscure. In Chermes abietis,
the fertilised egg gives rise to a wingless parthenogenetic female (fundatrix, L.),
which hibernates at the base of the buds of the fir-tree and, by piercing the
buds, deforms them into galls. From this generation is produced a second
(I1.) consisting of winged parthenogenetic forms, some of which migrate to
the larch and there give rise to a wingless generation (II1.) which feeds on the
needles and hibernates beneath the bark. These parthenogenetic alienicolae,
in the following spring (the second year of the cycle), produce the winged
remigrantes (IV.) or sexupara, which return to the fir-tree and there produce
the wingless female and male, the fertilised eggs of which give rise once more
to a fundatrix (I.). This cyele also is accompanied by a parallel series of forms
that do not emigrate to the larch, but remain on the fir-tree.

IV. General Considerations.

It can hardly be doubted that the Insects and the Myriopoda are
very intimately related. If it is considered that the anatomical
features possessed in common and the similarity in development
(although, indeed, the ontogeny of the Myriopoda is only partly
known) are not suflicient to establish this relationship, great stress
can he laid on the presence of transition-types, such as the Symphyla
(Seolopendrelln, Fig. 192) and Thysanura (Campodea, Fig. 193),
which connect the two groups. It has only to be pointed out here
that in the Thysanura, which are most intimately connected with
the Orthoptera, we have, in the absence of wings and in the presence
of the sac-like protrusible ventral sac, a recurrence of morphological
characters which, while they are wanting in the higher Insects,
are nevertheless found in the Myriopoda.  On the other hand, the
Myriopada are closely related to Peripatus, so that we are justitied
in regarding the Onychophora, the Myriopoda, and the Insecta as
belomging to a single phyletic ontogenetic series, which, through
Periputus, is linked on to the hypothetical racial form of the
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Arthropoda (Protostraca) and, through the latter, to the Annelida
(¢f. Vol. ii,, p. 315, and Vol. iii,, p. 427).

The Insecta represent the highest grade of development of this
phyletic series. That they are more highly specialised than the
Myriopoda can be seen in the sharper demarcation of the different
regions of the body, the fixation of the number of body-segments,
and the development of a new locomotory system, the wings.

The marking-off of the three regions which can be distinguished
in the body of the Insect (head, thorax, and abdomen) seems to
be foreshadowed in the Myriopoda. Here also we find an anterior
region, the head, sharply distinguished from
the rest of the body. Further, of the
trunk-segments that follow this region, the
anterior (thoracic) segments may be dis-
tinctly differentiated from those which
follow (the abdominal region); thus, by
way of example, we may recall the fact
that in the Diplopoda the thoracic segments
do not unite to form double segments, as
is the case with the other trunk-segments.
We have, however, already pointed out
(p- 236) that the region here distinguished
as the thorax cannot be entirely identified
with the thorax of the Insecta, since, in
the Diplopoda, a limbless segment is inter-
calated between the three limb-bearing
segments of the thorax (Fig. 121 B, p. 235,
and Fig. 122, p. 237), a modification not
found in the Insecta. F10.192.—Scolopendrella _im-

Although the division of the body into 2::,‘:‘;-:":;;‘“ from
regions can also be recognised as indicated
in the Myriopoda, it is much more distinctly marked in the Insecta.
The boundary between the thorax and the abdomen especially is
much more distinct. This is connected with the division of labour .
between the two regions. In the Insecta, the most important loco-
motory organs are concentrated in the thoracic region. This has led
to the greater rigidity of the thorax and the development of large
masses of muscle, while the softer, more extensible abdominal region
is the receptacle for almost all the vegetative organs. Into this region
have shifted the most important parts of the intestinal canal and of
the respiratory and circulatory systems, as well as the genital organs.
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It should be mentioned that the Loundary between the thoracic and abdominal
regions is, in many Insect larvae, less sharply marked. This is connected with
the fact that, in larvae, the thorax is frequently of less significance for the
locomotion of the whole body than in the imagines, either because locomotory
organs develop on the abdomen also (c.g., in caterpillars), or that such orygans
are altogether wanting on the thorax as well (maggot-shaped larvae). More
careful examination, especially of the inner organs, will, however, reveal in
these cases also important differences between the
thoracic and the abdominal segments. As we find
that the separation of the thorax from the atdomen
is very marked in the Thysanura, we may regard it
as a feature inherited long ago by the Insect phylum,
and may consider the apparent obliteration of these
boundaries in certain larval forms as mercly a second-
ary phenomeuon.

The loss of extremities in the abdominal
region is an important feature which dis-
tinguishes the Insecta from the Myriopoda.
With regand to the derivation of the Insecta
from the latter group, or from forms re-
sembling the Myriopoda, the fact that the
rudiments of abdominal extremities appear
in the insect embryo and disappear later is
of importance (pp. 296-300). The ventral
stylets found on the alxlomen in the Thysanura
have repeatedly heen regarded as vestiges of
extremities, and this seems all the more
probable as, in Marhilis, these stylets actually
function as locomotory organs. Recently,
however, following lHaase (No. 153), and
supported by the occurrence of similar
n;f. lua.‘-(u;w-l«x staphy-  gtylets on the coxae of the thoracic limbs

,';:f(:f:u:.,';;o“' ol f Muchilis, and on most of the limbs in

Seolopendrella, zoologists have been inclined
to regard these appendages merely as coxal spurs (p. 299). On the
first abdominal segment of Cumpodea, on the contrary, there iz a
true limb-rudiment.

While, in the Myriopoda, the number of the body-segments varies
greatly in the different genera and species, the number seems to be
fixed and universally prevalent in the Insecta. The thorax is always
composed of three segments, cach of which carries a pair of legs
(a fact which gave rise to the name of Hexapoda). In the same
way it seems to be clearly established by ontogeny that the abdominal
region is universally composed of ten trunk-segments and one sub-
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mentioned above, leading from Peripatus through the Myriopoda and
Thysanura to the Orthoptera, contains througliout only forms living
on land and adapted for terrestrial life. We have no reason for
assuming that an aquatic ancestral form has been introduced into
the series of ancestors of the winged Insecta (Pterygogenea). The
manner of life of the aquatic larval forms of the Hemimetabola,
as well as their respiratory organs, which are suited to life in water,
must be regarded as secondarily acquired. For the same reasons
we cannot adopt the view of DoHRN, who, going still further back
in the phyletic series, is inclined to refer the tracheal gills of the
Ephemerid larvac as well as the wing-
rudiments to the elytra of the Anne-
lidan ancestors of the Insecta (DoHRN,
the Pantopoda). It must be pointed
out that, in Peripatus, as well as in the
Myriopoda, corresponding integumental
folds are altogether wanting. We
therefore consider that Grassi (No.
150) is justifiel in regarding these
organs a8 mnew acquisitions by the
Insectan phylum, and in tracing them
back to integumental outgrowths of the
lateral margins of the tergal plates that
have been constricted off and have
Fio. 1w, -- Larvae of (Calotermes  hecome independent, the wing-muscu-
rugorus (after F. Murrem). [, . .
wing-lihe appendages of the pro. lature being derived from the system
2;‘;:‘ ,{"r;“l‘i"’l'.::'!"o‘;'t::"':;:: of dorso-ventral muscles, which is also
wing. represented in the other segments of
the body. We may perhaps assume
that the transition from the creeping method of locomotion to flight
wax made through the acquisition of a climbing habit, in which
dixtances would occasionally be overcome by springing, a circum-
stance which gave rise to the development of parachute-like
widenings of the thoracic segments. The transition from such
integumental folds, used as a parachute but still immovable, to
independent active locomotory organs seems to us fairly plausible.
It ix perhaps not without significance that the capacity for rising
above the surface on which they rest is common among the
Thysanura, the Collembola, and the Orthoptera, and that in the
latter (e.y., in Psophus stridulus) the wings are scarcely used other-
wise than as parachutes. The limitation of wings to the meso- and
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meta-thorax may be connected with the position of the centre of
equilibrium of the body. We agree with Brauer (No. 146) in
considering the wingless condition as a primary characteristic only
in the Apterygogenea, whereas in those wingless orders of Insects
(the Mallophaga, Siphonaptera, etc.) which are placed with the
Pterygogenea it must be regarded as secondarily acquired.

The segmental arrangement of the tracheal stigmata should be
noted. It appears that originally a pair of stigmata occurred on
each of the three thoracic segments, as well as the eight following
abdominal segments, at least, the respiratory system of the Thysanura,
as investigated by Grassi and Haask, is favourable to such an
assumption. In most Insecta, however, the number of thoracic
stigmata is reduced. There does not appear to be a true pair of
stigmata in the head. We have already given the reasons (pp. 323
and 335) why neither the endoskeletal invaginations of the head nor
the salivary glands can be regarded as homodynamous with the
tracheal invaginations. It should, however, be mentioned, on the
other hand, that the prescnce of a pair of stigmata belonging to
the head has been maintained in Scolopendrells (Haase) and in
Sminthurus (LuBBOCE).

We have still to mention the compound eyes (fucet-eyes) as one of
the features which raise the Insecta to a higher level than the
Myriopoda. The most primitive form of eye in the Insecta is
evidently represented by the ocellus (Fig. 165, p. 332), the structure
of which, according to GRENacHER (No. 151), may still, in a few
cases, be traced back direct to the simple cup-shaped eye, while,
in other cases, through the development of a vitreous body-layer
(lentigen layer), it becomes a bilaminar complicated eye (Fig. 164 B,
p. 331). We shall hardly err in deriving the Insectan ocellus direct
from the cup-shaped eyes of the Annelida (KENNEL, No. 154). The
compound eye, on the contrary, appears to correspond to an accumu-
lation of ocelli, in which the number of ocelli has been increased
while the single ommatidia have sunk to a lower level of functional
capacity. We have already seen (p. 242) that, in the Myriopoda, an
almost complete series of transitions is to be found between the
aggregations of ocelli and the true facet-eyes. We shall therefore
be justified in assuming this derivation as highly probable for the
facet-eyes of the Insecta. For the relation of the facet-eye to
the ocelli of the same animal, ¢/. p. 333. Bearing in mind the
fact that Afachilis alrendy possesses facet-eyes, we must regard
the latter as a somewhat ancient acquisition among the ancestors
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of the Insecta, and shall feel inclined to regard the absence of the
facet-eye (whether in larvac or in imagines) as the result of
degeneration.

We must, in conclusion, point out a few niore important factors in
the embryonic development of the Insecta. The first of these is the
development of the embryonic envelopes, the acquisition of which
(like the development of flying) proves the Insecta to be the most
highly developed of all Arthropods. It therefore seems remarkable
that the Insecta in other respects, especially with regard to the way
in which the genn-layers form, have retained very primitive char-
acters. The long blastopore which extends over the whole of the
ventral side, the presence of a distinct invagination-gastrula which
leads to the development of an archenteric tube, and the manner in
which the mesoderm separates from the entoderm must here be
mentioned in this connection. With regard to the last point, it
should be mentioned that the separation of the mesoderm from the
entoderm is accomplished by a process which can be traced back to
that of infolding, so that KowarLevsky (No. 49) quite correctly
compared the formation of the germ-layers in the Insecta with their
formation in Sayitta, a proceeding in which he was afterwanls
supported by RaBL. The coelomic sacs of the Insecta may thus,
according to their development, be regarded as archenteric diverticula.
Another point of interest is the transformation undergone in later
stages by the primitive segments, which were treated in detail in the
chapter on the development of the heart and the genital organs.
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CHAPTER XXVIIL

GENERAL CONSIDERATIONS ON THE
ARTHROPODA.

IN reviewing once more the ontogeny of the various divisions of the
Arthropoda, we are epecially struck by the uniformity of character
found among them. In the constitution of the eggs in the cleavage,
the method of formation of the germ-layers and the shape of the
embryo, there are so many points of resemblance that we are justified
by ontogeny in regarding the Arthropoda as phyletically distinct,
f.e., a8 forming a natural group, even though, as will be shown below,
the common stock divides near its root and gives rise to three great
branches known to us under the names of the Crustacea, the Arach-
nida and the Myriopoda-Insecta.*

The eggs of the Arthropoda are as a rule distinguished by the
large quantsty of yolk contained in them, and the equal distribution
of the latter (centrolecithal eggs of the Arthropoda). The typical
method of cleavage in the Arthropoda is a superficial one, which has
developed from total and equal cleavage, as may be seen from the
ontogeny of various Crustacea.t We also see that the Arthropodan
eggs, in those cases in which the food-yolk has secondarily degenerated,
undergo total cleavage (Clacodera, Peripatus Fdwardsii,} parasitic
Insects). In other cases the total cleavage perhaps still represents
a primitive condition, e.g., in Branchipus, In a few Arthropoda,
the egg appears to be telolecithal, and the cleavage is at first
restricted to only a small part of the egg (e.g., in Mysis, Cuma,
some Isopoda, and the Scorpiones). This apparently different method
of cleavage is, however, to be traced back to superficial cleavage.

* [See Natural Science, Vol. x. ‘‘Are the Arthropoda a Natural Group?"—ED.]

+ The statements in this chapter are based upon the facts already given in
connection with the different J;visious of the Arthropoda. The reader must

refer for these to the preceding chapters.
3 [See footnote, p. 165.—Eb.]
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Superficial cleavage, as a rule, occurs only in the Arthropwla.
Where other forms, e.g., Renilla, Cluvulariu (Vol. i., p. 76) show a
similar method in the first stages, this does not lead to the same
results as typical superficial cleavage, viz., to a unilaminar blastoderm
covering the whole surface of the egg with a uniform layer and an
accumulation of food-yolk filling the cleavage-cavity.*

The formation of the germ-layers is introduced by gastrulation,
which, in many cases, is of the invagination-type (Moina, Lucifer,
Astacus, Peripatus, Hydrophilus), in others, on the contrary, gastru-
lation is replaced by a solid ingrowth of cells (Ligia, Limulus,
Scorpiones, Araneae, Myriopoda). The position of the blastopore
varies in the different groups. s a rule, the blastopore corresponds
to the ventral side of the body.

In Peripuatus and the Insecta, the blastopore is an exceedingly long
slit, the anterior end of which corresponds in position to the mouth,
and the posterior end to the anus (Figs. 99, 134, and 145). In the
Crustacea, on the contrary, the blastopore is said to belong to the
posterior end of the germ-hand, and to correspond more or less in
position with the later anal aperture. The accounts given of the
Arachnida seem to indicate that, in position, the blastopore may
be related to the anus.

The act of gastrulation leads to the breaking up of the common
rudiment of the entoderm and the mesoderm. The rudiment of the
mesoderm in the Arthropoda is always multicellular, except perhape
in a few quite isolated cases, such as Cefuchilue. In the Insecta, the
formation of the mesoderm may be traced back to a folding of the
lateral diverticula of the archenteron (Figs. 154 and 153, p. 314).
The processes that take place in Peripatus may perhaps be interpreted
in the same way, although in this form we are inclined to assume,
in agreement with the Annelida, the development of two mesoderm-
bamds advancing from behind forward through the multiplication of
cells. The facts as yet known of Peripatus seem rather to support
this last view. The question whether the condition found in the
Insecta (i.e., the rise of the mesoderm from the archenteren through
folding) represents a primitive or a derived condition, is connected
with the as yet unsolved problem of the first (phylogenetic) rige of
the mesoderm.

In the Crustacea, the mesoderm arises in the form of a growth at
the lips of the blastopore. The sume is most probably the case in

* {Fur a comparison of the cleavage and formation of the germ-layers in the
Arthropoda, see WaGNER (No, X. ). —Ebn.]
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be regarded as specially primitive, and is to be found taking place in
a somewhat similar manner in all the various groups.

While the formation of the chain of ganglia takes place, as a rule,
by a process of delamination from temporary ectodermal grooves
which afterwards vanish, permanent invaginations occur which take
part in the formation of the brain, leading no doubt chiefly to the
formation of the optic ganglia. The appearance of these more or less
extensive depressions, known as cephalic pits, is specially character-
istic of the various divisions of the Arthropoda (Peripatus, the
Myriopoda, the Insecta, Lsmulus, the Arachnida). In Periputus,
indeed, another significance has been attributed to these depreasioms,
and it is doubtful whether they participate in the formation of the
brain. The depressions in the cephalic region in Peripatus corres-
pond to similar pitlike invaginations arranged in pairs which

recur in each of

A the trunk-sey-
mente. The na-

ture of thease

ch  remarkable struc-
'mr tures, which are
very characteris-

tic of Peripatus,

has not yet been
established, but
similar depres-

Fio. 145, —8ection through the ocellus ot a Dutirns larva (after sions have been
ek, i o of Ve Lo tes degrbed in the
T, Myriopoda and

the Pantopoda.
The development of the eyes may be closely connected with the
cephalic pita just mentioned which, as it appears, chiefly give rize
to the formation of the optic ganglia (Scorpiones, Araneae). How-

«ver much the permanent Arthropod eves vary with regard to structure,

they may, in the first instance, be traced back to pit-like depressions

of the ectoderm, and in explaining them we must start from such
simple eyes as those oceurring in the larvae of Insects and in many

Myriopoda. This simplest form of Arthropodan eye, the ocellus

(Fig. 195), consists of a depression of the hypodermis, the cells of

which have become differentiated into the so-called vitreous body

(y1), and retinal cells (r¢), scereting rods.  The unilaminar character

of the hypwdermis has, however, been retained in this simple eye, so
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depressions, which, however, close to form vesicles and become
separated from the hypodermis. The lens is secreted within the
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Fro. 197.—.4-D, diagrams illustrating the development of an
omumatidium from a depression of the hypodi riis, D represents
an ommatidinm from the comy 1 eye of an Amphipod (Talor-
rhestst, after WaTABK). ¢, central cell; ch, chitinous covering
of the head ; ), hyperlermiis ; &, crystalline cone ; Az, crystalline
conecrlln; I, lens; lg, lentizen cells; n, nerve; rh, rhabdom ;
o1, retinula cells.

optic vesicle. The
eyes of Peripatus
thus, in their onto-
geny, pass through
thestageofthesim-
plest Arthropod
eye, but then rise
to a higher level
than that attained
by the latter, and
can far better be
compared with the
higher forms of
eye found in the
Annelida. In any
case, we do not
recognise in them
the Arthropodan
type of eye.

The fucet-eyen
of the Insecta
must be reganied
as arising from a
massing together
of simple ocelli in
the way already
indicated in the
Myriopoda. The
latter group, in
the simplest cases,
have only a few
ocelli on each
side (Scolopendra
four), but their
number may in-
crease (Litholius,
Julug, thirty to

forty on each side), and in some forms (Seutigera) there may even bhe
as many as 200 ocelli on each side, which, by their close appruxima-
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tion, recall the appearance of facet-eyes, although a group of eyes does
not possess the true structure of the latter. Each ocellus in this way
becomes a single ommatidium of the facet-eye. The diminution in
number of its elements which it then undergoes, and the simultaneous
formation of the rhabdoms are consequences of the subordination
and loss of individuality of the originally distinct single eyes on
becoming merged in the complex eye, of which organ they now form
a part.

Attempts have been made to trace back the facet-eye to the more
primitive form from which it originated, by regarding the ommatidia
which, according to the view mentioned above, were derived from
single ocelli, as sim-
ple hypodermal de-
pressions which, in
consequence of the
length of the omma-
tidia, became very
deep (Fig. 197 D).
In making such an
attempt to explain
the structure of the
ommatidia it is best
to start from a de-
pression of the
hypodermis which

F16. 1938,—Diagrams {illustrating compound eyes in longi.

corresponds to a tudinal section. A, Limulus; B, a larva of dgrion; C,
simpliﬁed ocellus Branchipus (after WaTase). The thick black line represents

. ~ K the hypodermis, and each of the depressions formed In it
(Flg- 197 A)- As represonts an ommatidium, )

the depression
deepens and, instead of rods, rhabdoms begin to form in the retinal
cells, this eye reaches a grade of development (Fig. 197 B) essentially
equivalent to that of an ommatidium in the lateral eyes of Limulus
(Fig. 196). Tle lateral eye of Limulus is composed of a number of
single eyes formed of only a few cells (Fig. 196). These unilaminar
eyes are quite continuous with the hypodermis, but alrcady show
rhabdom-formation (Fig. 196 A, rk). It is indeed not certain
whether the eyes of Limulus should really be regarded as primitive
eyes, or as degenerate forms of the compound eye; in any case,
however, we can imagine that the higher facet-cyes passed through
a similar stage (Fig. 197 B).

When the depression deepens, another series of hypodermal cells

2K
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may be drawn into the formation of the eye (Fig. 197 C), these
representing the crystalline cone-cells (4z) of the ommatidium. A
series of lentigen cells may also be utilised in the formation of the
eye (Fig. 197 C, l.g). The further deepening of the optic pit, and
the great lengthening of the cells lead finally to the form of the
ommatidium (Fig. 197 D). The hypodermal cells, the lentigen cells,
the crystalline cone-cells, and the retinal cells thus appear as a uni-
laminar layer of long cells penetrating far down, and having the same
arrangement as in the simple ocellus (Fig. 195). The lumen here,
however, is not open as in the ocellus, but filled hy the mass of the
crystalline cone and rhabdoms, but this does not constitute an
essential difference between the two eyes. The grouping together in
larger or smaller numbers of these single eves which arise as simple
depressions of the hypodermis is elucidated by Fig. 198, which at the
same time represents the arrangement of the ommatidia on a convex
base usual in most facet-eyes, and determined by the functional re-
quirements of the eye.

The method of composition of the facet-eye here described is essentially in
keeping with the view long ago maintained by GrexacHer. This author
starts from a simple cye consisting of few elements, such as is represented hy
an ommatidium of an acone facet-eye of the Tipulidue, and derives the fuce-t-
eye through the increase in number of these eyes, and the ocellus through the
multiplication of the elements with the retention of the siugle lens. In the
simple eye, which here forms the starting-point, we have an ocellus of specially
simple structure.

It has already heen stated that the compound eye of the Crustacea
must be regarded as belonging to another ontogenetic series. It will
therefore not be a matter of surprise to find that it deviates in many
ways from the above in its development. The character of the
compound eye is, in the Crustacea, always preserved. In some cases,
e.y., in the Isopoda, it might appear as if we had before us transition
stages between the simple and the compound eye, but it is more
than probable that, in this branch of the Crustacea, we have to do
merely with a simplified form of the facet-eye.

This view of the Isopodan eye was adopted long ago by GrEXACHER, who
attempted to solve the question as to how the very simple eye of the Isopoda
was related to other Arthropodan eves, by maintaining that the former was
to he regarded as a compound eye in consequence of its possessing a double
crystalline cone and a retinula forming rhal«loms and divided into seven parta
It cannot therefore be doubted that, in the Isopodan cye, which is not nnlike
a group of single eyes, we have a secondary form, and this is in itself very
probable, inasmuch as the Isopoda are, in many respects, a highly modified
group of the Crustacea. A degeneration of the facet-cye, which was originally
stalked in the Malacostraca, has taken place in any case in this order.
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We have no indication of the manner in which the facet-eye has
arisen in the series of the Crustacea. None the less must we
consider that this eye, which closely resembles the facet-eyes of
the Insecta, arose in the same way as the latter. Any deviations
that may occur, such as the presence of another cell-layer in the
ommatidium (Fig. 197 D, Lg), are to be explained simply by the
inclusion of another row of cells in the hypodermal depression, as
already shown.

The structure, development, and relations of the unpaired median
-eyes in the Crustacea are still little understood. It has recently
been asserted that they arise by inversion (Craus, No. 3), and since
this method of formation is characteristic of some of the eyes
found in Limulus and the Arachnida, relations between the median
Crustacean eye and the median eye of Limwulus and the Scorpiones,
as well as the so-called principal eyes of the Araneae, are suggested.

The eyes of the Arachnida belong to a third ontogenetic series.
They have only one lens, and are thus devoid of the characteristic
feature of facet-eyes, but in the eyes of Scorpio we find a grouping
of the cells into retinulae and the formation of rhabdoms within
these latter, and in this respect they may claim to be compound
eyes. ‘We considered ourselves justified in explaining the common
lens as having arisen by the flowing together of distinct corneal
lenses (p. 71, ete.), and find in the lateral eyes of Limulus, which
also show rhabdom-formation, an indication of such a fusing of
the lenses. We tried further to show it to be probable that the
eyes of the Araneae, which in their present form appear to be simple
eyes, are to be derived from compound eyes, this origin being still
indicated in their development and their structure. It is highly
probable also that the compound eyes of the Arachnida, like those
of the Insecta, arose through the accumulation of simple hypodermal
depressions resembling ocelli.

When we turn to the ontogenetic formation of the Arthropod
eyes, we find that the simple forms arise as pit-like depressions of
the ectoderm. In the higher forms, i.e., in the compound eyes,
this primitive method of formation is obliterated. The single eyes
here arise merely through the differentiation of a cell-layer without
special depressions. Where such a depression is found in the
development of a compound eye, it leads to the formation of the
eye as one whole. In this last process, as in the differentiation of
the single eyes out of a multilaminar cell-layer, we have secondary
phenomena representing a simplified method of formation of the
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compound eye. It should also be noted that the ontogeny of
the Arthropod eye is as yet not satisfactorily explained.

The respiratory organs of the Arthropoda must bhe dealt with
separately, according to the different phylogenetic series into which
they are to be divided. Since we derive the Arthropoda from forms
which live in water, it appears to us that the most primitive form of
respiratory organ must have been a tubular or leaf-like outgrowth
of the body-surface. Such a simple form of respiratory organ is
found in the gills met with as branchial tubes in the Annelida and
Crustacea. These branchial structures appear, as a rule, as append-
ages of the extremities. The gills of Limulus are also leaf-like
appendages of the abdominal limbs. From these we have to derive
the lung-sacs of the Arachnida (Scorpiones, Araneae), a fact indicated
by the method of development of these latter. In the transformation
of gills into lungs we recognise an adaptation to life on land. When
this adaptation goes further, it leads to the development of unbranched
tracheal tufts (Araneae) which finally ramify in a dendriform manner
and develop a spiral filament (Pseudoscorpiones, Solifugae). In this
way is attained the same type of tracheal system as is produced in
different manner in other groups of Arthropods otherwise very far
removed from the above, viz, Periputus, the Myriopoda, and the
Insecta. In the forms which were the starting-point of this last
series, the tracheae appeared as depressions of the body-surface, which
at first were irregularly distributed over the body (Peripatus), but
later attained to definite segmental arrangement. The tracheae in
the Myriopoda and the Insecta arose as such segmentally-arranged
depressions.  The branches of the tracheal system are formed by the
splitting and branching of the original invaginations. In the Insecta
these tracheal rudiments appear very carly, in the Myriopoda, on the
contrary, much later, and, as Peripafus in this way resembles the
Myriopoda, this Iate appearance of the tracheal rudiments has been
regarded as an indication of their having been recently acquired.
The similarity in structure between the tracheae of the Arachnida
and those of the Myriopoda and Insecta is remarkable. The presence
of the spiral filament in these two forms of tracheae, which must be
regarded as having arisen independently in the two groups, is specially
striking, but this feature loses its value as an indication of a common
origin when it is seen that such a spiral thread also occurs in other
tubes lined by a chitinous intima, e.g., the efferent ducts of glands
(salivary and spinning glands of the Insecta) and the vas deferens of
the Cytheridae, p. 335).
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The so-called closed tracheal system of many aquatic larvae, e.g.,
those of the Ephemeridae, as well as the tracheal gills connected
with it, are to be regarded as a form of respiratory organ secondarily
acquired in adaptation to life in water.

The fore- and hind-guts arise in the Arthropoda as ectodermal
invaginations, the stomodaeum and the proctodaeum. The excretory
tubes known as Malpighian vessels found in the Myriopoda and
Insecta are diverticula of the proctodaeum. The same name is
given to similar blind tubular appendages of the intestine in the
Arachnida, but, since ontogeny makes it probable that the latter
belong to the enteron and are thus not of ectodermal but of ento-
dermal nature, they ought not to be homologised with the Malpighian
vessels. Tubular appendages similar in structure and function are,
on the other hand, found at the end of the enteron in the Crustacea

(Amphipoda), but these most probably must be regarded merely as
analogous structures.

The phylogenetic origin of the Malpighian vessels is still obscure. It has
been thought that they might be true nephridia, which have become connected
with the proctodaeum, since structures resembling the nephridia are in some
Annelids found connected with the intestine (Nos. 2 and 9). In one case,
that of the Megascolides examined by SPENCER, these glandular tubes,
which in structure are extraordinarily like nephridia, are, indeed, connected
with the stomodaeum, while, in Acanthodrilus, BEDDARD found similar struc-
tures connected with the proctodaeum. Just as, in Peripatus, nephridia have
been found drawn into the buccal cavity as salivary glands, so we might suppose
nephridia drawn into the proctodaeum, a process which is perhaps more probable
a priori than the former, since the nephridia in this case retain their original
function. Against such a view we have the ectodermal or entodermal origin
of these excretory tubes, and this is of all the greater weight since, according to
recent researches, the nephridia arise altogether from the niesoderm, and it
would therefore Le impossible to imagine a persistence and a specially strong
development of the ectodermal portion simultaneously with a complete degenera-
tion of the mesodermal (inner) section.*

The formation of excretory tubes starting from the intestine, such as has been
observed in the Amphipoda, is u noteworthy indication of the fact that parts of
the intestine are capable of taking over the function formerly carried on by the
nephridia. Even in the Nauplius we find a part of the intestine utilised for
excretion, the cells filled with urinary concretion forming slight swellings
(Vol. ii., Fig. 89, ds, p. 191). When these parts are transformed into caeca or
lengthen out like tubes, we have the excretory tubes of the Amphipoda
(eventually also of the Arachnida) or the Malpighian vessels of the Myriopoda
and Insecta, according as, in each case, the process takes place in the enteron or

* [Some recent observers (GOObRICH, Quart. Journ. Micro, Sci., Vol. XXXVIIL.,
1895, and MEISSENHEIMER, Zeitschr. f. Wiss. Zool., Bd. Ixiii., 1898), suggest
that the primitive nephridia may be largely if not wholly ectodermal, and
would distinguish these from the genital ducts and certain secondary nephridia,
which arise from the mesoderm as coelomic funnels,—Eb. ]
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the proctodaeum. We are therefore far more inclined to regard the Malpighian
vessels as new structures coming into use on the degeneration of the nephridia,
than to trace them back to the actual nephridia.

The development of the enteron is essentially influenced by the
relations of the entoderm-rudiment to the mass of the food-yolk.
The latter, which originally fills the cleavage-cavity, is taken up
later into the enteron. This process may take place in various
ways: (1) the yolk may filter through the wall of the enteric sac
(Astacur), or (2) the entoderm-cells may wander through the yolk to
constitute the enteric epithelium at its surface (Crustacea, Limulus,
Araneae, Chilopoda), or finally (3) the food-yolk may be grown
round by the entoderm-rudiment (Mysis, Isopoda, Scorpiones ({)
Insecta). The formation of the intestinal epithelium in some cases
only takes place very late (Araneae), and then the splanchnic layer
of the mesoderm, which has meanwhile developed, becomes closely
applied to the yolk-mass. Septa-like processes then grow out from
it into the yolk-mass and isolate single complexes of the latter,
which appear like diverticula. As in the central part of the enteron,
80 also in these diverticula, the formation of the epithelium only
commences at a later period. The diverticula represent the rudi.
ments of the hepatic lobes, which, in the Crustacea, are formed in
the same way, the only distinetion being that, in the latter, the
differentiation of the epithelium takes place much earlier.

Since, in some Arthropoda, only a part of the food-yolk is taken
up into the interior of the intestine, it may happen that smaller or
greater masses of yolk remain behind in the body-cavity and there
undergo a gradual absorption (Moina, Mysis, and the Dipterous
Insects).  In the Diplopuda, this condition, which elsewhere is
exceptional, appears developed to a high degree, for here the enteron
is said to arise as a somewhat narrow tube in the middle of the
volk-mass.  As a consequence of this, the greater part of the yolk
would come to lie in the body-cavity. Here, as in the Crustacea
above mentioned, the yolk-mass in the body-cavity is thickly sur-
rounded and interpenetrated by mesoderm-cells.

We must next consider the development of the mesoderm. The
coclomic cavities of the primitive segments, which, in some cases
(Prripatus and the Arachnida), have been seen to attain such high
development, do not, in the Arthropoda, become the definitive
hady-cavity, but sooner or later the primitive segments undergo
degeneration,  But lLefore this occurs, the formation of the heart
starts from the primitive segmeuts, single cells of the coelomic sacs
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of the two sides becoming detached and uniting to form the dorsal
tube. The primitive segmments then break up to some extent, single
cells from various parts wandering into the primary body-cavity and
there forming a kind of mesenchyme. The permanent body-cavity
arises through the appearance of lacunae in this mesenchyme and
the flowing together of these lacunae to form large spaces. As a
last remains of the primitive segments we have the pericardial
septum so characteristic of the Arthropoda which cuts off a dorsal
part of the body-cavity surrounding the heart (the pericardial space)
from the larger ventral portion.

Besides the parts just mentioned, the primitive segments yield
the formative material for the nephridia. In Peripatus, where the
nephridia appear, as in the Annelida, in all the trunk-segments,
a considerable portion of the primitive segments is directly utilised
for the formation of the nephridia. In the other groups, the whole
question of the rise of the organs known as nephridia is still
undecided, but it may be mentioned as very probable that the
salivary glands and anal glands of Peripatus, the antennal and shell-
glands of the Crustacea, the coxal glands of Limulus and the
Arachnida, as well as the efferent genital ducts, are derived from
nephridia, and in any case are mesodermal in origin. The nephridial
nature of the organs of Peripatus just mentioned, and of the antennal
and shell-glands of the Crustacea, may be regarded with some
certainty as definitely established. The aperture of the efferent
genital ducts varies greatly in position in the different divisions of
the Arthropoda. From this we may conclude that, in the different
cases, the nephridia of different segments have been drawn into the
formation of the genital ducts (Chilopoda and Diplopoda), although,
in some cases, the idea of a secondary shifting of the opening through
several segments is suggested. (In the Insecta, the apertures of the
genital organs vary from the seventh to the ninth segment. In
the Ephemeridae, the female genital aperture is found on the seventh
segment, while, in other Insects, it lies behind the eighth segment.)

The genital glands also are derived from the primitive segments,
these being found as growths of the epithelium of the coelomic sacs,
and thus having an origin exactly similar to that of the genital glands
of the Annelida (Vol. i., p. 297). A further agreement with the
Annelida is found in the fact that the remains of the coelomic
sacs may pass direct into the cavity of the genital gland, so that
the genital products budding off from the peritoneal epithelium can
still fall into the secondary body-cavity (coelomic or genital cavity),
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and pass out from there through the efferent (nephridial) ducts
(Peripatus, Myriopoda). The whole of that part of the primitive
segments that is utilised for the formation of the genital glands
fuses with those pairs of primitive segments which yield the efferent
ducts (nephridia of the genital segments), the continuity between
the genital glands and ducts being thus attained. In the Crustacea,
as well as in the Arachnida and in the Insecta, there are secondary
conditions of development of the genital organs, which, however,
are to be traced back to the more primitive conditions just described
that still occur in Peripatus and the Myriopoda.

In consequence of the great abundance of food-yolk in the egys
of the Arthropoda, only the ventral side of the embryo at first
appears in the form of a germ-band; to this rule, however, there
are frequent exceptions. The eggs, as has been mentioned, are
occasionally small and have less yolk, which may be (in certain
rare cases) traceable to a primitive condition, but in most cases
must be regarded as a secondary phenomenon. In these cases, the
spherical form of the egg may pass directly into the definitive sbhape
of body.

The germ-band which, in different forms, occupies a more or less
considerable part of the egg, arises partly by the ectoderm-cells on
the ventral side of the egg becoming clongated, partly by the
appearance heneath it of the two other germ-layers, especially of
the mesoderm-bands. Besides this, the band-like thickenings of the
ectoderm soon appear near the ventral middle line, representing
the rudiment of the ventral chain of ganglia, which, indeed, very
soon breaks up into segments. A much widened anterior section
of the germ-band very soon becomes distinguished from the primary
trunk of the embryo as the cephalic lobes. The trunk soon
breaks up into segments, this modification chiefly involving the
mesoderm (formation of the primitive segments), but may also be
indicated on the external surface of the germ-band even before the
appearance of the primitive segments (Hydrophilus, Chalicodoma).
The series of limb-rudiments appear as outgrowths of the surface
on each side; in most Arthropoda, a process of a coelomic sac
passes into each of these limbs, so that theyv at first appear hollow
(I’vripatus, Myriopoda, Orthoptera, Arachnida, Pantopoda). Even
in those forms which, in the adult, have no limbs on the abdomen
(Arachnida, Insecta), abdominal limbs are found in the embryo:
the alddomen of the embryo also way consist of a larger number
of segments than that of the adult (Arancac), an indication of the
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fact that these forms are descended from ancestors which possessed
a richer segmentation of the body and a larger number of appendages.

The germ-band does not always retain its primitive position on the
surface of the egg, but may shift into the interior by undergoing a
ventral curvature (Myriopoda), or else, by the development of special
embryonic envelopes (amnion and sero:a of the Insecta), it may sink
more deeply beneath the surface of the egy. A similar but merely
analogous development of embryonic envelopes is only found among
other Arthropoda in a few viviparous forms (Scorpio and Peripatus
Edwardsii). [Cf. App. Lit. Insecta, Nos. XVI. and XLYV.]

The germ-band which until now corresponded merely to the ventral
portion of the embryo, spreads out over the lateral and dorsal parts
of the yolk which, so far, were only covered by a thin layer of cells,
these being now involved in the further shaping of the embryo, the
dorsal surface of which is thus produced. In the Insecta, these last
processes of development become complicated by the process of the
involution of the embryonic envelopes which takes place simul-
taneously. The closure of the dorsal body-wall completes the
external development of the embryo, which, after corresponding
further development of its internal organs, is ready for hatching.

The newly-hatched embryo either resembles the adult, or else
differs from the latter, in which case it passes through a more or less
complicated metamorphosis. The process of metamorphosis ditfers
greatly in character in the different groups of the Arthropoda, hut
must in all cases be regarded as the development of secondarily
acquired larval stages (Crustacea, Pantopoda, Insecta). The hatching
embryo either consists of merely a few segments (Crustacea, Pantopoda)
and only acquires the complete number of segments during the course
of metamorphosis (Diplopoda), or else has the full number of segments
as well as of body-regions possessed by the adult, from which it is
distinguished only by its different manner of life and by deviations
in the shape of the body determined by this life (Insecta). We tind,
for instance, that wings are wanting in all the larvae and young forms
of Insects, this characteristic of the most highly developed Arthro-
pods being thus proved to be a comparatively late acquisition, a view
which is confirmed by the fact that wings are still altogether wanting
in the lowest Insects (Apterygogenea, p. 260).

One of the special characteristics of the metamorphosis of the
Arthropoda is the series of consecutive different larval stages which
pass one into the other through processes of ecilysis.  Such moults
may also occur during embryonic life, and are even often found at
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an extraordinarily early period before the germ-band has appeared
(blastodermic cuticle of the Crustacea), or ¢lse before the limbe have
formed (embryonic cuticular envelope of Limulus, deutovum-membrane
of the Acarina, embryonic envelopes of Pentastomum). All these
cuticular envelopes then form a further covering to the embryo
within the egg-integument.

Zoologists were for a long time inclined to ascribe to the larvae of
the Arthropoda an important phylogenetic significance. But when it
was recognised that these larvac often represented secondarily modi-
fied (adapted) forms (Naupliue, Zoaea, Pantopodan larva, cater-
pillar of Ineects), the comparison of the adult forms received more
attention, a far higher value being set upon this branch of inquiry.
The recent advance in the knowledge of Peripatus has been of special
significance in tnterpreting the Arthropoda, and in tracing them back
to lower forms. Too great importance was indeed attached to those
characters of Peripatus that pointed to the Annelida, and gave rise to
doubt as to the uniformity of the .Arthropod stock.* As it was seen
that the Myriopoda and the Inseeta could be linked on directly to
the Annclida through Peripatus, the conly way out of the difficulty
caused by the Crustacea, which were apparently far removed from
Peripatus and in some respects showed less primitive conditions,
was to assume for them an independent origin for the Annelidan
stock. Recent research has, however, made it appear that Peripafu«
is more closely related to the Arthropwda than was formerly assumed.
The nephridia are closed by end-sacs (remains of the coelom), and
show the type which we find recurring in the antennal and shell-
glands of the Crustacea. The permanent body-cavity is a pseudocoele
which develops after the disintegration of the coelomic sacs through
the enlargement of the primary body-cavity. The heart is of the

* Doubts of this kind have repeatedly been expressed.  They have found an
able exponent in the anonymous author of an article in Kounos (No. 1), whe
angues against the unity of the Arthropodan stock. OUDEMANS, in the same
way, is in favour of breaking up the division of the ‘‘so-called Arthropeda ™
(No. 8), and FRENALD, in hiy rceent treatise on the ‘* Relationships of the
Arthropoda ™ (No. 4), gives indications of holding a similar view. is latter
author, indeed, derives the three great principal trunks of the Arthropodan
stock, the Crustacea, Arachnida, and Iuseeta, from a common root.  This reot.
however, does not spring from the Annelida, hut reaches back to the unsegmented
forms from which also the Annelida are derived, though in another direction.

rigertus then branches off, and thus is not direetly connected with the three
ureat branches of the Arthropodan stock. the Myriopoda also being independent
at these.  These latter are, however, thouzht by FERNALD to be connected with
Fvropates, Inany case the complete uniformity of the Arthropuodan stock is not
hedd by these authors, and it is also opposed by KisespLey (No. 7), who, in

~pite of their many points of agrecment, derives the Crustacea and the Tusecta
from different starting-points.  (See also No. XI1.—En.]
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type which is universal among the Arthropoda—a dorsal vessel with
lateral pairs of ostia. The development of Perspatus also, for a
knowledge of which we must start from the New Zealand form
which unfortunately is too little understood, is linked on to that of
other Arthropoda.* We have here in the first place an egg rich in
yolk, with superficial cleavage. The characters in which Peripatus
stands opposed to the Arthropoda are the position and constitution of
the extremities which are not actually jointed (we leave out of account
here the Tardigrada and Pentastomum, the relationships of which are
uncertain), and especially the structure of the eyes, which must be
regarded as an inheritance from Annelidan ancestors that was lost in
other Arthropoda, and replaced by the ommateal eyes (ocelli and
facet-eyes).

After what has been said above, we seem to be justified in assuming
for all Arthropoda (Peripatus included) a common origin from the
Annelidan stock. In giving the name Protostraca to the hypothetical
racial form of the Arthropoda which proceeded from the Annelida,
and for which very primitive characters must be assumed if it is to
serve as the starting-point of all known classes of Arthropods, the
fact is expressed that the Crustacea in certain features of their
organisation, especially in structure of their limbs, which can be
traced back to the biramose form of parapodium, have preserved, in
consequence of their retention of a pelagic manner of life, primitive
characters. On the other hand, the form of extremities found in
Peripatus (and partly retained in the Palaeostracat) must be con-
sidered as a secondary adaptation to a terrestrial existence.

Starting from the Protostraca, according to the present condition
of our knowledge, we may, as has been already remarked, assume
three great series of development of the Arthropodan stock, by
the side of which a number of smaller independent branches
have been retained. One of these scries leads through the hypo-
thetical primitive Phyllopod to the Crustacea; the second through
the Palaeostraca to the Arachnida; the third through forms resem-
bling Peripatus to the Myriopoda and the Insecta. The Pantopeda
and the Tardigrada must probably he regarded as smaller, independent
branches of the Arthropodan stock.

If we try briefly to enumerate the general characters in which the
Arthropoda are to be distinguished from the Annelida, we must point
first to the great development of the cuticular integument and the

* [See footnotes, pp. 165 and 216.— Ep.]
t [See Vol. ii., p. 333, footnote.—EDn.]
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more ventral position of the limbs, some of which, as jaws, bite one
against the other. This last point is of importance, because the jaws
of the Annelida are mere cuticular secretions of the stomodaeum,
and not appendages. We should mention further the degeneration
of the coelomic sacs and of the nephridial system. The former
undergo disintegration through the development of a secondary
pseudocoele, and the latter, in the higher forms, through the ac-
quisition of a new excretory apparatus. In direct connection with
the condition of the body-cavity we have the absence of a closed
blood-vascular system, and the development of that type of heart
characteristic of the Arthropoda.

Another peculiarity recurring throughout the whole series of the
Arthropoda is the enlargement of the primary cephalic region hy
the addition of originally post-oral segments. It might be worth
while to attempt to attain a fixed point for the homologising of the
anterior pair of limbs in the various Arthropoda, but in the present
state of our knowledge such an attempt would have to be made with
the greatest care.  We may perhaps conclude from the segmentation
of the brain, that the antennae of Peripatus, the Myriopoda, and
the Insecta are homologous with the first antennae of the Crustacea.
We should then perhaps be able to consider the jaws of Peripatux,
which are included in the mouth, and the ganglion of which is
approximated to the brain (in the same way as are the antennal
ganglia of the Crustacea), as the equivalents of the second antennae
of the Crustaces, which, indeed, in the Nawplius still function a=
masticatory organs.  We are perhaps justified in assuming that, in
the Myriopada and Insecta, these extremities are completely lost, s
that the mandibles of the Insecta (the homologues of the oral
papillae of Peripatus), would then have to be related to the
mandibles of the Crustacea. We might further assume that the
chelicerae of the Arachnida correspond to the second antennae of
the Crustacda, a view that is supported by the condition of their
ganglia which fuse with the brain. The homologue of the first
antennae would, in this case, be lost, but it is seen to reappear
ontogenetically as a transitory structure (p. 111). The pedipalps
would thus be the equivalent of the mandibles of the Crustacea and
Insceta, whereas the chelicerae have until now, as a rule, bheen
homologised with these latter organs,

A consideration of the accompanying tahle shows that the different
regions of the body (the head, the thorax, and the alxlomen) are
not, in the various divisions of the Arthropoda, precisely homo-
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130 THE ARTHROPODA.

logous, for they are not formed of the same number of segments
in all cases, nor are the same segments in all cases included in
the similarly named body-region. The absence of a definite rule
can be seen even in the Crustacea, in which the incorporation of
thoracic limbs with the mouth-parts varies greatly in the different
sub-divisions. Although we thus see that, in the great divisions
of the Arthropoda also, the consecutive segments develop hetero-
morphously, we shall still be inclined to explain this fact by the
requirements of the different functions, and shall not homologise
the regions bearing similarly formed appendages. It will thus be
quite possible to homologise the thoracic and abdominal appendages
of one division with the cephalic and thoracic limbs of another, as
in the table. That we are justified in such a course is shown, not
only by the condition of the Crustacea already mentioned, but also
of those Arthropods which we consider as the more highly developed,
such as the Insecta. In the Hymenoptera, for instance, the first
abdominal segment may join the thorax (segment mediaire),* and
be so marked off from the abdomen as to appear much more like
a thoracic than an abdominal segment. An omission, or rather a
complete degeneration of single segments, such as must be assumed
in the cases of the first antennae in the Arachnida and of the second
antennae in the Myriopoda and Insecta (see the table), seems to be
an exceptional occurrence. We are here leaving out of account the
reductions undergone in many cases by the Arthropodan body
(e.¢., in certain Crustacea, Arachnida, Pentastomum, and also many
Insecta), and which often lead to a complete degeneration of the
segmentation in different regions of the body or in the whole body,
indeed, in the last case may even result in the disappearance of
the division into body-regions. Such reductions may lead to the loss,
not only of the segmentation, but also of the limbs (Pentastomum),
a principal character of the Arthropoda being thus obliterated, but
even in this case the development of larvae provided with extremities
testifies to the Arthropodan nature of these forms.

* Such a significance cannot any longer be ascribed to the segment médiaire
of the Diptern (BRAVER, Sitz, Akad. Wiss. Wiea, Bd. 1xxxv., Abth. i,, 1842),
but there is evidently a close connection letween the thorax and the abdomen
in this order also,
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Holo-metabola, 356.
Homomorpha, 260, 855,
356

Hydrachnidae, 107.

Hydractinia, 155.

Hydrocampa, 361.

Hydrometia, 278, 806,

Hydrophilus, 247,
265, 270, N7, 288,
200 208, 301, 305,
806,309-314, 318324,
837, 338, 341, 342,
363, 412, 424.

Hylotoma, 292, 293, 298-
300, 308.

— berberidis, 286.

Hymenoptera, 260, 285,
363, 369.

. Hypopus, 109.
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| Megascolides, 421.
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Polyxenus, 188, 218, 2283, |
229-238. i
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S.
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212, 419, 425.
Scorpiones, 1-26, 113,

chtlgem, 69, 218, 241-
3

f— coleoptuta, 259.

Scutigeridae, 229.
Scutovertex, 93.
Segestria, 78.

i Sialidae, 260, 360.

Sunulm, 275, 284, 371.
Sxplxouaptera, 260 362,
363.

Sisyra, 361.

Sitaris, 363.

Smicra, 263.
Sminthurus, 36, 260, 395.
Solenobia, 388.

. Solifugae, 1, 34-37, 113~
117

Tegenaria, 42-44.

— domestica, 58, 84,

Teleas, 366.

Tenebrio, 298.

Tenthridinidae, 298, 364,
388.

Termitidae, 260.

Tetraneura, 390.

Tetranychidae, 107.

- Tetrauychus, 103.

: Tetm[lmeumones,

— telarius, 94,

37, 81,

Theridium, 37, 89, 45.
46, 83.

— maculatum, 40, 59,
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Thrips, 260.

Thysanoptera, 260.

- Thysanura, 260, 355.
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Spathegaster baccarum, °
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Tipulidne, 362, 872, 418.
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364,

Tnchopten. 260, 284,
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. Trombidiidae, 100, 107.

282-284, 291, ‘292, 320, .

825, 342.
Stratiomyidae, 362.
Stratiomys, 362,
Strongylosoma, 218, 2283,

229-238.

— Guerinii, 231, 235.
St)loq:due, 260.
Symphyla, 218, 238,257
Syringobia chelotus, 98
Syrphidae, 362.

T.

Tachina, 260.

Tachinidae, 289.

. Tanystylum, 139, 142,
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Tarnn.tuln, 37,
" Tardigrada, 162, 163.
Tarsonymus, 100, 103.

Trombidium, 97-105.

— fuliginosum, 104, 108.

Tubularia, 155.

Tylus, 336.

Tyroglyphidae, 107.

Ty mg.l) phus siro, 100,
109.
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" Uroceridae, 364.

Y.

Vespa, 73, 333, 334.

Vespidae, 364,

Vitellophags, 45, 264,
317

Vv olluulln, 381.

X.

i Xiphidium, 203, 325.

Xiphonura, 113, 159.



AUTHORS INDEX,

A,
ACLOQUE, A.
Arthropoda, 431.
ADENSAMER, T.
Myriopoda, 259,
ADLER, H.
Insecta, 405.
AbpLERZ, G.
Pantopoda, 150, 155,
156.
AnNs, J. M. Sec HYaTT.
Avens, H.
Insecta, 282, 292, 306,
324, 340, 341, 364,
366.

B.
BaLpiang, E. G.
Arancac, 37, 42,
Insecta, 342, 358, 354.
Opiliones, 33.
BALFOUR, F. M.
Araneae, 42-56, 59, 61,
62, 83-89.
Insecta, 270, 271, 293,
298, 317.
Myriopoda, 223.
Peripatus,  175-177,
192, 198, 204, 210-
214,
BARRANDE, J.
Araneae, 71.
Barnois, J.
Araneae, 55.
Pseudoscorpiones, 28,

421.
VAN,
Insecta,

BENEDEN, P. J. van.
Arancae, 126.
Pentastomidae, 130,

135.

—_—

Bercu, R. 8.
Peripatus, 210,

BERLESE, M. A.
Acarina, 108,
BERXARD, H. M.
Arachnida, 114, 117.
Scorpiones, 115.
Solifugae, 34, 36, 117.
BerTKAU, PH.
Araneae, 64-68, 73, 92,
Pseudoscorpiones, 122,
Birura, A.
Solifugae, 34, 36.

VERSON,

Insecta, 263-267, 389.
Scorpiones, 5.
BopreTzKY, N.
Tusecta, 264, 266, 278,
311.

Bobg, J.
Myriopoda, 287.
Bouvies, E. L.
Pseudoscorpiones, 122,

Boveni, Tu.
Germ-cells, 351.

BRANDT, A.
Insecta, 274-281, 296,
305.

BrAURR, A.
Araneae, 57, 84.
Arthropada, 429,
Scorpiones, 3, 6, 10,
26.

BRAUER, Fr.
Insecta, 355, 362, 367,
373.
Arthropaoda, 430,
Braveg, Fr. and
REDTENBACHER, Jos.
Insecta, 378.

2Fr2

Brucg, A. T,
Araneas, 42, 47, 76,
Pedipalpi, 26,
Solifugae, 85.

BRrOEL, L.
Insecta, 407.

296, 324.

CARIHP.’I!!, J.
Insecta, 817.

BtTscHLl, O.
Insecta, 287, 294, 299,
301, 3816, 322, 335,
338, 339.

C.

CANESTRINI, G.
Acarina, 108,

CARRIERE, J.

Insecta, 287, 290-298,
323, 327, 328, 332-
334, 338, 340, 341.

Scorpiones, 76.

N. A

lv
208-302, 3:
Myriopoda, 248.

Acarina, 94-100, 105,
107.

Araneae, 41-45,47-51,
63, 66.
Pseudoscorpiones, 28.

Craus, C.
Araneae, 124,
Arthropoda, 419,
Pautopoda, 158.

CLAYPOLE, A. M.
Insccta, 407.
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CRONEBERG, A.
Araneae, 111,
Pantopoda, 158.
Pscudoscorpiones, 31.
Solifugae, 34.

CzOKOR, J.

Acarinas, 107.

D.

Da)iy, N.
Araneae, 125,
Dexbpy, A.
Peripatus, 165.
Densks, A,
Insecta, 389.
Drwirz, H.
Insecta, 299, 350, 359,
364, 369, 374.
Donnry, A.
Insecta. 279, 817, 341,
342, 394.
Pantopoda, 139, 149,
153 -160.
Dovire, M.
Tardigrada, 162,
Drevrrss, L
Insecta, 389, 390.

E.
Emie, H.
Arachnida, 11K,
Myriopnda, 257,
Eserros, H.
Aranene, 50,
ExrLaxcer, R vox,
Tandigrada, 163.

F.
Faner, L.
Insecta, 363.
Myriopmda, 219, 237,
Favsxex, V.
Opiliones, 32, 33,
Faxon, W.
Pantopada, 161,
Ferxamn, H. T.
Arachuida, 118,
Arthropada, 4286,
Finiern, F. e,
Insceta, 364,
Pentastomidae, 137,
FRraveNFELD, G. VON.
Acarina, 104,
FreszrL, J.
lusccta, 385,

AUTHORN INDEX.

FersteNpera, M. II. F.
Acarina, 126,

G,
GAFFrox, E.

Peripatus, 204, 209-

211.
GANIN, M,

Insecta, 309, 311, 364,
365, 369, 375, 380,
385.

Scorpioues, 5, 9.

GavBkrr, P,

Arachnida, 119,

GEGENBAUVER, C.
Insecta, 393.
GRRLACH, A. C,
Pentastomidac, 137.
Goobricn, £ 8.
Arthropoda, 421, 429,
Goonsexs, Tu.
Invecta, 208,
GRABER, V.

Insecta, 264, 266, 270
274, 278, 2M2, 284-
308, 311 320, 3i24-
328, 316, 337, 342,
360, 375,

Myriopoda, 248,

Grasst, B.

Insecta, 263, 268, 287,
301, 316, 323, 327,
334, 337, 340-342,
873, 3y,

Pedipalpi, 27.

GerENAcner, H.

Araneae, 64, 69, 73,

Arthropoda, 414, 418,

Innecta, 332, 395,

Myriopoda, 242,

Grivy, O. voy,

Incecta, 405.

GUppEN, R
Acarina, 105,

H.

Haasg, E.

Arachnida, 118,

Insecta, 299, 300, 350,

351, 378, 302, 304,

Mytioponda, 255,
HAECKEE, V.

Insecta, 351,
HaceN, H. A,

lusecta, 359,
HatrLer, G,

Acarina, 94, 109,

HaLrez, P.
Insecta, 398,
Haxssex, H. J.
Arthropoda, 431,
Opiliones, 36.
HaxseN, H. J. and
SinresseN, W,
Pedipalpi, 27.
HamscHek, B

Insecta, 278, 302, 323,

324, 338.
HEatHCeoTR, F. G.

Myriopoda, 220-228,

935252, 351.
Hrinkg, K.

Iuseeta, 263 266, 270,
271, 287, 28, 290-
295, 301, 302, 308,
310, 312, 316-313,
340, 321-828, 342,
351,

HexkiNg, H.

Acariua, 97,

Insects, 262, 263.

Opiliones, 32

Hesseavy, Lo F,
Insecta, 363, 366,
Herest, C.

Myriopoda, 252,
Heroro, M.

Arancae, 45.
Hrrrwia, O. and R.

Insecta, 317, 818, 351,
Hevyoxs, R

Insecta, 300, 304, 317,
320, 336, 340, 341 -
362,

Myriopoda, 228, 239,
241, 247, 253.

Hobvee, G.

Pantopoda, 161,

Horg, P P C.
Pantopoda, 139, 145,
148, 151, 153, 159

Hovee, W. E.

Pentastomidae, 135.
Huesre, H.

Tusecta, 403,
Hurron, F. W,

Peripatus, 164 -166,
HvitoN, T.

Solitugae, 34.
Hyatt, A. and

ArMx, J, M.
Insecta, 403.
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Iuwg, J. E. W,
Pantopoda, 160.

J.

JAconr, A.
Insecta, 403,
JAcQuarr, H.
Pentastomidae, 185.
JAWOROWSKI, A.
Araneae, 51, 79-81,
111, 114,
Arthropoda, 431.
JoRrDAN, K.
Ingecta, 279,
JOURDAIN, 8.
Acarina, 128,

K.
Kanyi, H.
Insecta, 399.
Karawarew, W.
Insecta, 382, 385.
KAUFMANYN, A,
o - 335.

162,

Amnéae, 69.
Insecta, 395.
Peripatus, 164-173,
178-201, 206-211.
Tardigrada, 163,
Kexvon, F. C.
Myriopoda, 257.
KINGSLEY, J. 8.
Araneae, 42,
Arthropoda, 426,
Myriopoda, 257,
KisuiNovys, K.
Aranese, 37, 41-45,
51, 62-64, 67, 74,
81, 84-87, 93.
Arthropoda, 429.
KLAPALEK, F.
Insecta, 388.
KLEINENBERG, N.
Lumbricus, 91.
Peripatus, 195.
KxaTz, L.
Insecta, 298,
Kxowa, H.
Insecta, 408.
KoENIKE, F.
Acarina, 126.

AUTHORS INDEX.

KoLLIKER, A.
Pantopoda, 189.
KororNErF, A.
Insecta, 266, 282, 306,
311, 824, 389-342.
KowscueLr, E.
Araneae, 51.
Insecta, 347.
KOWALEVSKY, A.
Insecta, 266, 284-287,
308-316, 337, 341,
369, 372, 3875, 376,
381, 396.
Myriopoda, 247.
KowALrvsky, A, and
ScuvLeIN, M.
Scorpiones, 1-26.

KRAMER, P.

Acarina, 103, 108.
T

Insecta, 409.
KRIECHBAUMER, J.

Insecta, 296.
Kvraciy, N,

Insecta, 366,
Kt¢NckeL D'HERcCU-

LAIS, J.

Insecta, 369, 374, 381.
Kurrree, C.

Insecta, 283.

L.
LapovLskxe, A., and
Meaxix, P,

Acarina, 108.
Laxpois, H.

Insecta, 372.
LANKESTER. E. Ray.

Araneae, 92,

RSN T

Soli :
LANKESTER, E. RAY,and
BovkNEg, A. G.

Scorpiones, 16.
LatzeL, R.
Insecta, 391.
Myriopoda, 219, 237-
239.
Latnig, M.
Pedipalpi, 81.
Scorpiones, 1-26, 78.
Solifugae, 35.
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LEBrDINSKY, J.
Opiliones, 34.

LEcaiLLoN, A.

Insecta, 817, 336.

LeuMolsg, V.

Insecta, 263, 268, 303,
304, 364.

T R. vox.

Pantopoda, 156.

LexpL, A,

Araneao, 42, 47, 111.

LEUCKHART, R.
Araneae, 79,
Inseccta, 352.
Pentastomidae,

137.

Levbig, F.
Insecta, 324, 362.
Opiliones, 111.

J.

130-

Llubs"rﬁ«"m, G. See
THORELL.
Locy, W. A.

Araneae, 387-39, 42,
47, 53 65, b58-61,
64-66, 76, 79, $3,
85, 87.

Loumaxy, H.
Acarina, 100, 108,108,
LonurMaNN, E,
Pentastomidae, 138.
Lowan, J. C. C,
Araneae, 83.
Opiliones, 34.
Lowxe, B. Tu.
Insecta, 403,
LuBBock, J.

Insecta, 354, 358, 363,
365, 392-395.

Myriopoda, 239.

Lubwie, H.

Arancae, 37--39.

M.

McALISTER, A.
Pentastomidae, 130.

MacLeon, J.
Acarina, 101.
Araneae, 76 79,
Opiliones, 33.
Scorpiones, 19,
Solifugae, 36.

Mancuar, P,
Insecta, 366.
Scorpiones, 120.
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Mark, K. L.

Araneae, 64 67, 74-76.

Scorpiounes, 15,
MAavEr, P,

Insecta, 406.
MecNiyN, P

Acarina, 105,109, Sece

Ronix.

MEissENHEIMER, J.

! 1.

M

305, 352 354,
366, 386, 382.
Myriopoda, 220
243 215,
Opiliones, 83.
Pedipalpi, 27.
Pseudoscorpiones, 28,
30.
Scorpiones, 1-11, 19,
47.

361,
236,

Miar, L. ., and
Dexsy, A
Inseeta, 400.
Micuaer, A D.
Acarina, 103, 109,
Monrsz, A.
Insceta, 885.
Morcaw, T. H.
Pantopeda, 139 153,
160.
Moriy, J.
Araneae, 39 46, 50,
ON 62, 76, 7S 91,
Moserey, H. N,
Peripatus, 175, 184,
MrLiEe, F.
Insecta, 373, 393, 394,
Mceuiee, Jon,
Scul'lliulll's, 1.

N.
NALEPA, AL
Acarina, 107, 108,
X.h.\u.\m“. N.
Iuseeta, 406,
NevrMany, 0,
Acatina, 107,
Newrpranr, G,
Myriopoda, 219, 233,
7, 23N,
Nitzsen, C.J,
Acarina, 107,

, 281,

AUTHORS INDEX.

NuspavM, J,
Insccta, 293-298, 322,
342, 319, 388.
NussBavy, M.
Insecta, 409,

0.

OvpENMANS, A. C.
Acarina, 103, 109.
Arthropoda, 426,

.

Packarp, A. 8.

Arthropoda, 429,

Insecta, 357.

Myriopoda, 258,
PaLMiN, J. A,

Insecta, 301, 335, 342,

349, 350, 358.

I Paxkririvs, I

Insecta, 372,
Parrex, W.

Inseeta, 207, 284, 294,
311, 323 333, 338,
340.

Seorpiones, 12, 14, 18,
43.

Paeker, G. H.
Araneae, 74.
Scorpiones, 14 16.

P B 1 S
: 0T A, S,
Pedipalpi, 121,

PETRUNKEWITSOH, A,
Iusecta, 311,

Pierer, F. J.
lusecta, 361,

I'Lare, L.

Tardigrada, 163,

PrarNer, G
Insecta, 400

Poc-wk, R 1
Araneae, 37, 80,
Myriopoda, 218, 257,

Precent, F.

Atancae, 38, 68, 72,
74

R.
Rier, C.
Inxecta, 314, 396,
Ry, O, vow,
l’i]""l""';‘n 219,
Mynopada, 232 217,

Rarnke, H.
Insecta, 297, 338,
Scorpiones, 13.
Ravzenvra, J. Tu. C.
Iusccta, 406,
REDTENBACHER, Jos.
Inseeta, 393.
Sre BRAUER, FR., and
REDTENBACHER, Jus.
Rees, J. vaxs,
Insecta, 369, 371, 374-
358,
RennEse, A,
Insecta, 404,
RexceL, C.
Insecta, 385.
RitTer, R,
Insccta, 315.
Romiy, €,
Fiwecta, 352,
Rosix, (., and
MEcNiN, P,
Acarina, 95.
Roxexstavr, B,
Myriopoda, 259,
Rypeg, J. A,
Myriopoda, 239,

8.

SABATIER, A.

Araneae, 37,

SaLENsky, W,

Araneae, 39, 42 - 48, 58,
62, 76, 1.

Saint Rewy, G.
Araneae, 63.
Peripatus, 183, 217,

Sanrs, G. O.

Pantopuda, 150,

SCHAFFER, C.

Insecta, 335, 341, 342,
372, 356,

Sonars, Ho vos,
Acarina, 124,

Scniemenz, D.

Iusecta, 337, 3%5.

ScHiIMKEWIISCR, W,
Arancae, 39, 42- 55, 69,

61, 62, 76, 79 M1,

N33, 110,
Opiliones, 32,
Pantopeda, 15%, 160,
Peripatus, 176,
.\'mn'uinnr'i, 1]5.

Senmior, F.

Iusecta, 267, 271,



SCHNEI A,

130.

and

Insecta, 369.
ScrLATER, W. L.
Peripatus, 166, 172-
174.

ScUDDER, S, H.
Araclmida, 119.
SELVATICO, D, 8.
Insecta, 401.
SEDGWICK, A.
Insecta, 351.
Peripatns, 165, 169,
175, 177-188, 192-
214,
SEMPER, C.
Insecta, 322, 872, 8738.
Pantopoda, 155, 156.
SHELDON, LILIAN.
Peripatus, 166 -168,
174, 177, 178, 181,
198, 206, 208, 254.
SiesoLp, C. TH. voN.
Tardigrada, 162.
SIGNORET, V.
Insecta, 405.
SILVEsTRI, F.
Myriopoda, 257.
Simmoxs, O. L.
Araneae, 78, 114.
SO0GRAFF, N,
Geophilus ferrugineus,
219, 220-224.
Myriopoda, 219-226,
231, 239-251.
SOoMMER, A.
Insecta, 268,
SORENSEN, W,
See HANSEN and
SORENSEN,
SPENCER, B.
Arthropoda, 421.
STECKER, A.
28.

STILRR, CH. W,
Pentastomidae, 131-
137.

AUTHORS INDEX.

STRUBELL, A.
Pedipalpi, 121.
STUHLMANN, F.
Insecta, 401.
Sruraxg, R.
Araneae, 93.
Scorpiones, 25.
Svurino, F.
Acarina, 128.

T.

TARNANL, J.
Pedipalpi, 121.

THorkLL, T.
Araneae, 81.
Pedipalpi, 27.

TICHOMIROFF, A.
Insecta, 263, 285, 294,
298, 317, 322, 328,
340-342.
TicHoMIROWA, O. S.
Insecta, 401,
ToMOsVARY, E.
Peripatus, 188.
Myniopoda, 259.
Troussart, E. L.
Acarina, 93.

U.
ULJANIN, V.
Insecta, 263, 268, 300.
UzeL, H.
Insecta, 300.

V.
VEJDOVSKY, J. F.
Pseudoscorpiones, 122.
VErsox, E.
Insect& 404.
VErsoy, E., and
BISSON E.
Insecta, 410.
ViaLLaNEs, H.
Arthropoda, 432.
Insecta, 293, 294, 326-
328, 369,
VoELTZKOW, A
Insecta, 293, 814 315,
336, 337.
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w.
WAGNER, J.
Acarina, 107,109, 117,
Arthropoda, 412.
WAGNER, N.
Insecta, 405.
WaTAsE, S.

Araneae, 70.

Arthropoda, 416, 417.

Limulus, 415.

WEISMANN, A,

Insecta, 264, 266, 283,
295, 302, 334, 335,
342, 351, 369-379,
385, 386.

WEIsMANN, A., and
IscHIKAWA, CH.
Insecta, 402,
- 4 B.
113.
0.

\\'m:m.r.{:, W. M.

Insecta, 266, 282, 288,
200-301, 305-307,
312-313, 317, 324-
327, 842, 351.

WiELowIEIsKI, H. VON.

Insecta, 347.

Wi, L.

Insccta, 268, 271, 279,
281, 289, 311, 317,
324, 341, 842, 364.

WiLLEM, V.

Myriopoda, 259,

WILLEY. A.
Insecta, 304.
l’erqmtns, 165,
191, 207, 211.
WINKLER, W,

Acarina, 101, 102,107-

109, 111.
Wirraczi, Ex.

Tusecta, 280, 281, 306,

842, 354.

178,

Z.
ZADDACH, E. G
Insecta, 299.

Z1TTEL, K. A,
Araneae, 71.

ZoGrAFF, N,
Arthropoda, 132
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